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INTRODUCTION 
Bromegrass is the most widely cultivated forage grass in 
western Canada, being used most extensively for hay and pas­
ture . In various areas it is also grown for seed production. 
The prairie provinces of western Canada produce most of the 
bromegrass seed raised in Canada. Some of the seed is shipped 
to eastern Canada, but in the past the larger proportion has 
been exported to the United States. Sale of seed to the 
United States has long been an important source of revenue 
to the prairie seed grower who has produced the northern type 
of bromegrass. In recent years, however, recommendations to 
farmers in the United States have advocated the use of 
southern type bromegrass, a type not produced in Canada. In 
addition to this, demand for seed of the southern type for 
use in eastern Canada has led to the recent licensing of the 
southern varieties, Lincoln, Achenbach and Fischer. This all 
has meant a declining share of the market for western Canadian 
bromegrass seed producers and has indicated a need for con­
sidering the problem from a plant breeding standpoint. 
A simple solution to this problem would be to change the 
type of varieties being grown. However, the southern strains 
of bromegrass now in use in eastern Canada and the United 
States generally have been poorer in seed production in 
western Canada than the northern types. With respect to 
comparative forage yielding abilities, tests in western 
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Canada have shown no apparent differences "between the two 
types, while recommendations from the United States promote 
the use of southern type brome on the basis of higher forage 
yield potential. 
With this background in mind, breeding investigations 
with bromegrass were initiated at the University of Manitoba. 
Manitoba occupies an area midway between the arid conditions 
of the western prairie and the more moderate conditions found 
in the farming areas of eastern Canada. Plant material devel­
oped in Manitoba has the possibility of being suitable for 
either type of farming conditions. Fundamental information 
was lacking relative to the basic principles and procedures 
to follow in the bromegrass breeding program which has been 
initiated and the purposes of the present investigation were 
to provide guidance in the conduct of that breeding program. 
The specific information sought would help to answer the fol­
lowing questions : 
1. Do any varieties and strains of southern bromegrass, 
as compared with northern, offer promise as a 
source of breeding materials which would perform 
satisfactorily for seed and forage production in 
Manitoba? 
2. With emphasis on seed production potential, what 
are the contributing components to seed yield and 
what are the heritabilities of these components? 
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3. Do the northern and southern types of "bromegrass 
differ in respect to the predictive values of 
different seed yield components for seed yield 
itself? 
4. Do varieties and strains of northern and southern 
bromegrass respond to nitrogen fertilization in a 
similar way in forage production and in seed yield 
and its components? 
5. What is the relationship in performance for seed 
yield and its components between spaced and solid 
planted conditions? 
Several varieties and strains of both northern and 
southern bromegrass were introduced and evaluated for seed 
yield under different management conditions. The results 
which were obtained and their possible bearing on these 
breeding problems are presented and discussed herein. 
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LITERATURE REVIEW 
Recently, there have been several extensive reviews on 
breeding perennial forage grasses so a similar resume will not 
be repeated here. Only that literature directly pertaining to 
the present research investigations will be discussed. John­
son (15), in 1951, made a general review of the literature in 
forage crop breeding. A survey of progress in grass breeding 
was presented by Smith (37) in 1956 and Hanson and Carnahan 
(10) published an extensive summary of literature in the field 
of breeding perennial forage grasses. These reviews sum­
marized recent progress in knowledge and techniques of forage 
crop breeding and detailed the evolution of grass breeding 
from an art into a science. 
The pertinent literature in the present research investi­
gation concerns that relating to the existence of types of 
bromegrass within the' species, Bromus inermis Leyss, and, 
particularly, the comparative responses of the two estab­
lished types. The effects of fertilizer application on type 
performance, especially seed yield and its components, are 
reviewed as well as the literature pertaining to breeding for 
seed yield and its components. Gytological relationships 
also are considered, particularly with respect to possible 
effects of meiotic abnormalities on seed yield. Finally, a 
summary of information on inherited variability in bromegrass 
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is presented. 
Types of Bromegrass 
Bromegrass was introduced into North America from central 
Europe and Russia in the 1880's (30). Several separate offi­
cial introductions and tests were made throughout western 
United States and Canada- Differences in type were noted and 
associated with region of origin of particular introductions. 
The types of bromegrass found in their native habitats were 
studied by Zherebina (46) who examined the botanical and 
agronomic characteristics of cultivated and wild awnless forms 
in Russia. He concluded that two ecological-geographicsi 
groups existed, the meadow group (climat.ypus borealis), and 
the steppe group (climatypus austrails). Transitional and 
overlapping forms were rare in occurrence but, within each 
climatype group, some ecotypes were demonstrated. The two 
climatype groups were distinguished as to region of origin 
with the meadow group being native to the northern area of 
the habitat of B. inermis. extending from Archangel in the 
north and southwards to the Ukraine and Caucusus. This habit 
was, generally, an area with good moisture conditions. The 
steppe group habitat was peculiar to the southern and south­
eastern region of the U.S.S.R. This area is to the south of 
the general habitat of the northern group but some overlapping 
of habitat occurred in the central chernozem region. 
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Zherebina distinguished between climatype groups on the 
basis of morphological characters as well, the chief of which 
were depth of rhizomes, attitude of stems, correlation of 
height of horizon of the bulk of vegetative and generative 
stems, attitude of leaves and softness of leaves. The meadow 
group (northern) had its rhizomes spread at less depth in the 
soil, stems were variable in thickness but ascending in atti­
tude, leaves were soft and generally drooping, panicles were 
comparatively large and spreading and flowering was earlier 
than in the steppe group. Also, the meadow group was more 
resistant to rust (Puccinia graminls bromi Erikss.), but more 
susceptible to brown spot (Pyrenophora. bromi Died.)- In the 
steppe group (southern) stems were vertical or ascending, 
leaves on the whole were shorter, narrower, rigid and not 
drooping, panicles were variable but narrow and compact pan­
icles were peculiar only to this group. The range of vari­
ation in the meadow group was wider than in the steppe group. 
Zherebina concluded that when bromegrass was first introduced 
into cultivation, initial forms were mostly of the meadow 
group in view of their greater economic value. 
Newell and Keim (50) reported that, historically, the 
earliest official introduction of bromegrass was in California 
in the I8601s. The origin of this bromegrass was from Hungary 
and undoubtedly of southern type. Later, a larger test in 
Kansas and Nebraska was made with an importation from Russia. 
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South Dakota also tested a larger importation from Russia in 
1898 which would have been northern type brome. Importations 
from Russia were so extensive that the northern type soon 
predominated the American seed trade. Newell and Keim (30) 
conducted a comparative study of representatives of the two 
climatype groups for agronomic performance and found the 
southern type to have more vigorous seedlings, produce more 
forage and outyield northern in seed production. Differences 
in yield were less pronounced the second year. They proposed 
that, by performance, the groups probably should be designated 
as "early" for the southern group and "late" for the northern, 
the names being related to their forage production habits in 
each year. 
Knowles and White (22) reported on a similar comparative 
study conducted in western Canada. They agreed that the stem, 
leaf and panicle characteristics, noted by Zherebina, corre­
sponded reasonably well but found no difference in depth of 
rhizome development. Under test conditions in western Canada, 
the southern climatype entries flowered later than the nor­
thern. From a spring seeding, they concluded there was no 
difference in seedling vigor, a. finding which was contradic­
tory to Newell and Keim1s report (30). Knowles and White 
reported evidence that southern climatype bromegrass produced 
fewer panicles than northern and concluded that, although in 
forage production there was no characteristic advantage for 
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either climatype, in no test was southern the equal of nor­
thern in seed yield- This they attributed to the hypothesis 
that southern strains are characteristically low in seed pro­
duction . 
Since these initial investigations, comparisons of produc­
tivity of northern and southern climatype bromes have been 
conducted in many areas of the United States. All agree that 
the southern type is superior to northern (1, 4, 8, 23, 40, 
41, 44, 45). Most of these investigations were on forage 
production but where seed yields were reported, the southern 
climatype was found to be superior. Churchill (4) found that 
ability and rapidity of spread of southern types were super­
ior . Evans and Wilsie (?), testing under greenhouse condi­
tions , found the southern type to flower three days later 
than the northern. Forage recommendations in Minnesota (42) 
support southern in preference to northern types on the basis 
of being more productive and also starting growth earlier in 
the spring. 
Fertilizer Effects 
The use of nitrogen fertilizer to improve forage and 
seed yield of bromegrass is a fairly common practice in pro­
duction areas of the United States but has only recently been 
considered in western Canada, The effects of nitrogen for 
rejuvenation of sod-bound stands have been noted in both areas 
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(21, 28) . Many Investigators have reported that the applica­
tion of nitrogen to bromegrass increased forage production 
(1, 11, 12, 17, 26, 30, 39, 43). Knowles and Cooke (21) indi­
cated that nitrogen fertilizer in western Canada was effective 
only when moisture conditions were good. Nitrogen applica­
tion also was reported effective in raising seed yield (1, 11, 
12, 17, 21, 30). 
Opinions with regard to the best time of fertilizer 
application differ. Sass and Skogman (36) found in studies 
at Ames, Iowa, that the transition of apices from vegetative 
to flowering phase occurred in early to mid-April. No refer­
ences were found as to the time of apices initiation in re­
spect to effects that fertilizer might have on the number of 
apices initiated. Harrison and Crawford (12) indicated that 
early spring application was better than late spring. Knowles 
and Cooke (21) found that fall application was more effective 
for increasing seed yield than spring, moisture conditions 
at that time being more satisfactory in regions of limited 
rainfall. Fortmann (8) found no significant difference be­
tween spring and fall applications for increasing forage 
yield. Metcalfe (26) found that, for new seedings, fall 
applications of nitrogen fertilizer were more effective in 
increasing seed yields than spring applications. 
Nitrogen fertilizer was found to have the effect of in­
creasing panicle production in field trials of little bluestem 
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reported by Murphy et al. (27). Harrison and Crawford (12) 
found that number of fertile tillers was only slightly in­
creased when nitrogen was applied in the spring to bromegrass. 
Watkins (43), studying Canadian brome, found that nitrogen 
increased the number of fertile shoots. In greenhouse trials, 
the same effects were noted by Newell (29) and Evans and 
Wilsie (7). Metcalfe (26) stated that nitrogen increased 
the number of panicles per unit area and total number of 
florets per panicle, but decreased percent of fertile florets 
and weight of threshed seed. 
Other effects of nitrogen fertilization also have been 
noted. Harris on and Crawford (12) concluded that nitrogen 
had no effect on the time of seed maturity. Watkins (43) 
found that rate of leaf development and height were increased. 
Carter and Dickson (3) stated that disease development was 
not influenced notably by nitrogen fertilization. 
Fortmann (8), in an extensive study of response of nor­
thern and southern climatypes under varying cutting treat­
ments and levels of nitrogen, found that southern type brome 
showed a greater response in forage yield to applications of 
nitrogen than was observed for northern. However, he deter­
mined that a valid estimate of relative yield potential could 
be obtained at a single adequate level of nitrogen and under 
any one of the different management systems studied. Northern 
type bromegrass developed more slowly in the spring and forage 
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yields were lower in the early season cuts and over the total 
season as well. 
Evans and Wilsie (7), studying greenhouse material, found 
that panicle production of southern type brome was increased 
more by nitrogen fertilization than that of northern type. 
Although Fortmann (8) established that southern brome was a 
heavier feeder on nitrogen when grown for forage, the seed 
yield effects, apparently, have not been investigated. 
Breeding for Seed Yield and Its Components 
Frankel (9) discussed a theory of plant breeding for 
yield improvement in which he pointed out that the main in­
creases in yield are achieved by overcoming limiting factors 
whose effects can be distinguished. As he pointed out, this 
requires a study of the potentials of the original material 
available, together with a study of the inherited variability 
and the effect of environment on the emergence of characters. 
It was stated that wheat yield could be resolved into number 
of ears per plant, number of grains per ear and weight of 
grains. This philosophy of seed yield components has been 
investigated in breeding studies with bromegrass. Lowe and 
Murphy (24) pointed out the need for information on plant 
characters associated with yield and on refined techniques 
for measuring them so that forage breeders could screen clones 
for seed production potential early in the breeding program. 
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They reported that clonal differences existed for seeds per 
head, florets per head, florets per spikelet, seeds per spike-
let and seeds per floret expressed as percent fertile florets. 
In their material, percent fertile florets seemed to be the 
most useful as a measure of seed-producing ability, having 
the highest correlation value, 0.91. Their study showed that 
the two major factors in total seed production in bromegrass 
were the percentage of fertile florets and the number of seed 
culms per plant. Raeber and K alt on (-34), concurring with 
these findings, stated that the number of florets per panicle 
and fertility percentage were considered inherited characters, 
while the number of seeds per panicle was thought to be a 
function of these two variables. He found that number of 
seeds per panicle and fertility percentage were highly corre­
lated in studies on 20 bromegrass clones. Nielson (33), in a 
study of the performance of topcross progenies of 18 SQ clones 
and 10 segregates from each in bromegrass, obtained genetic 
correlations of seed yield with panicle number, fertility 
index and seed weight of 0.80, 0.73, and -0.02, in 1956 and 
0.69, 0.41 and 0.06 in 1957, respectively. Phenotypic cor­
relations were similar but slightly lower. Interannual cor­
relations in this large study were significant at the 1% level 
and indicated that one year of testing for seed characters 
would be sufficient to eliminate decidedly inferior material. 
He concluded that panicle number and fertility but not seed 
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weight were important components of seed yield in southern 
bromegrass. 
Seed weight is considered to be a component of seed 
yield and, therefore, would be of value per se. It is of 
importance in other ways as well, being a factor related to 
stand establishment, seedling vigor end possible depth of 
planting. A larger seeded brome would permit deeper seeding 
under dry conditions, enhance seedling vigor and permit easier 
seeding operations with conventional farm seed drills. Rogler 
(35) found that selection for larger seed size was a direct 
method of increasing seedling vigor in crested wheatgrass. 
He found a strong positive correlation between seed size and 
emergence from 2- and 3-inch depths of planting. Kneebone 
and Cremer (18) found the same relationship to exist for 
seedling vigor in native grasses. McLeod (25) studied the 
effect of seed size, genotype and planting depth on rate and 
amount of emergence and on seedling vigor in bromegrass. He 
reported that larger seed size entries were among the earliest 
to emerge, but factors other than seed size such as strain 
differences appeared to affect emergence. Seed size also was 
found to be related to emergence from deeper depths as well 
as to seedling vigor. 
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Heritability Studies 
Frankel (9), as stated previously, pointed out that 
breeding for yield required a study of inherited variability. 
This genetic or inherited variability is commonly reported as 
heritability in percent and as such describes the estimated 
degree of relationship between phenotype and breeding behavior 
for a particular characteristic in a population of plants 
(16). When genetic variation is assessed, it is an estimate 
of total genetic variance plus variance due to the Interaction 
of the genotype and the environment (2). This expression of 
inherited variability is commonly referred to as heritability 
in the "broad11 sense. When only the genie variance is assess­
ed, that is, the portion of genetic variance which is addi­
tive, then the inherited variation is referred to as herit­
ability in the "narrow" sense. Both classes of heritability 
for particular characters have been reported for bromegrass. 
Hawk and Wilsie (13), from a study of progeny-parent yield re­
lationships, reported a low heritability (narrow) for forage 
yield. Knowles (20) found in his bromegrass material that 
heritability (narrow) for forage yield was moderate (24 to 
68$), while that for seed yield was low (11 to 22%) . Lebsock 
and Kalton (23), using within-plot variances, found that 
heritability (broad) for hay vigor and height were 60 and 71$, 
respectively. Nielson (33), studying progeny-parent rela­
tionships, found heritability values on a 2-year basis were 
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32, 38, 83 and 61% for combining ability for seed yield, 
panicle number, fertility and seed weight, respectively. 
Raeber and Kalton (34) found in bromegrass that the relation 
of fertility to other agronomical characters indicated that 
it would be feasible to select and recombine strains with 
high fertility and vegetative vigor. 
Cytological Relationships 
Cytological studies may present another aspect of the 
problem of breeding for improved seed yield. The meiotic 
mechanism in an annual sexually-reproducing plant is under 
critical pressure for factors promoting seed set and viabil­
ity (6). Although bromegrass, a perennial, reproduces végé­
tât ively as well as sexually, assessment of seed production 
in brome must always consider the possibility of the existence 
of an abnormal meiotic mechanism. As Elliott and Love (6) 
have indicated, an exceptionally vigorous clone may spread 
extensively asexually and still possess a high adaptive value 
in spite of meiotic irregularity. 
Smooth bromegrass is generally considered to have a 
somatic chromosome complement of 56 (32), but variations 
from this number which have been reported include 2n=28 and 
2n=56 (31), and 2n=42 (19). Chromosome behavior during 
mitosis has been reported as regular (19) . Studies of meiosis 
in brome have shown varying types of abnormalities such as 
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multivalent associations (5) and varying numbers of bivalent 
associations plus univalents at metaphase with marked irregu­
larities at anaphase (19) . The occurrence of these abnormal­
ities in this polyploid species suggest that there may be 
some effect on seed production. Elliott (5) found highly 
significant seed setting differences in B. inermis from 
crosses between clones with few and many micronuclei. Nielsen 
(31) reported that the amount of meiotic irregularity tended 
to be inversely related to the extent of seed setting. Raeber 
and Kalton (34) considered that fertility was determined both 
by meiotic behavior and by genes affecting the general level 
of fertility. Further studies on the cytology of bromegrass 
are required before any conclusions may be reached as to the 
total effect of meiotic behavior on seed set (6). 
MATERIALS AND METHODS 
Southern and northern varieties and strains of bromegrass 
were collected for use in the tests to be conducted. The 
standard varieties used as checks were recognized varieties 
of northern and southern bromegrass. Strains arising from 
specific breeding programs within both the northern and 
southern types were included to contribute additional in­
formation on performance of bromegrass types. 
The experimental strains for the tests were obtained 
from two sources. Strains of northern bromegrass, derived 
from the northern varieties, Commercial and Superior, were 
obtained from the Forage Crops Laboratory, Saskatoon, Sas­
katchewan, through the courtesy of Dr. R. P. Knowles. Strains 
of southern bromegrass, derived from southern varieties, were 
obtained from Dr. R. R. Kalt on, Department of Agronomy, Iowa 
State College, Ames, Iowa. Pertinent information with re­
spect to designation of entries, their origin, type of seed 
used to establish tests and geographical source of the seed 
are reported in Table 1. 
The varieties tested as standard checks have been widely 
grown in their areas of adaptation. An exception to this was 
the check, BR3, obtained from Iowa. This synthetic was 
developed in Iowa from material which had its origin in 
Canada. The possibility exists that there may have been some 
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Table 1. Varieties and strains of northern and southern 
bromegrass utilized in the investigations 
Source information 
Parental Type of Geographical 
Entry variety seeda source 
Northern 
194-12 Commercial 0 • P. Saskatoon 
Commercial Standard check 0 • P. Unity, Sask 
216-20 Commercial 0 .P. Saskatoon 
53-7 Superior 0 • P. Saskatoon 
64-10 Commercial 0 • P. Saskatoon 
175-29 Commercial 0 .P. Saskatoon 
BR3 Standard check Iowa 
175-44 Commercial 0 .P. Saskatoon 
mthern 
527 Fischer P .0 . Iowa 
475 Fischer P .c. Iowa 
561 Achenbach P .C. Iowa 
510 Fischer P .0. Iowa 
457 Fischer p .c. Iowa 
Fischer Standard check Iowa 
533 Achenbach p .C. Iowa 
567 Achenbach p .C . Iowa 
Lancaster Standard check Nebraska 
383 Lincoln p .0. Iowa 
521 Fischer T .c. Iowa 
455 Lincoln T .C. Iowa 
Lyon Standard check Nebraska 
Southland Standard check Oklahoma 
503 Fischer P .c. Iowa 
aType of seed: O.P. 
P.O. 
T.C. 
- open-pollination seed 
- polycross seed 
- topcross seed 
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modifications of the genotypic constitution during the period 
the Canadian parental material was being grown and selections 
made in Iowa. For purposes of this study, however, BR3 was 
classified as being a northern climatype bromegrass- If some 
proof were available that the constitution had undergone any 
degree of modification, it would then probably be more accu­
rate to classify this standard check as being of intermediate 
climatype. 
The standard checks of northern climatype were Commercial 
and the synthetic, BR3, already discussed. In order to estab­
lish a representative sample of Canadian Commercial, a com­
posite sample of seed was obtained from the Federal Seed Com­
pany located at Unity, Saskatchewan. This seed company 
processes bromegrass seed harvested in western and north­
western Saskatchewan. By mixing samples of No. 1 seed, a 
composite sample was obtained. 
The standard checks of southern climatype were Fischer, 
Lancaster, Lyon and Southland. The seed of Fischer and South­
land was obtained from seed stocks in reserve at Ames, Iowa, 
while seed stocks of Lancaster and Lyon were obtained from 
Dr. L. C- Newell, Lincoln, Nebraska. 
The choice of strains of southern and northern climatype 
bromes was based on performance data for those strains in 
tests at their source of production. The chief criterion of 
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choice of strains was a good performance record. This cri­
terion was in accordance with one purpose of the investiga­
tions, namely, to measure the relative productive capacity of 
northern and southern climatypes when grown together at one 
location. 
The strains of northern climatype, supplied by Dr. R. P. 
Knowles, all had exceeded the check variety, Commercial, in 
performance tests at Saskatoon both for seed yield and for­
age production. Complete information about forage production 
and seed yield was not available for all strains of southern 
climatype but, in the breeding program records at Ames, all 
were classified as being of interest because of high seed 
fertility and/or panicle production. The range in forage 
production ability was somewhat wider, the strains grading 
from below average to high. 
The quantity of seed for each experimental strain was 
limited. The restricted seed supply was a deciding factor 
as to the number of possible entries in each kind of test 
conducted. The same quantity of seed was not available for 
each strain, varying from 100 to 200 grams, and strain entries 
in different tests, therefore, were varied. All experimental 
tests conducted included the same standard check varieties 
listed in Table 1. 
Plant materials for two clonal entries in the space-
planted tests were obtained from Ames and Saskatoon. Clone 
567, a selection from the Achenbach variety and the maternal 
parent of the polycross seed included as entry 567, was 
shipped to Winnipeg from Ames. Clone 175-44, a selection 
from Commercial and the maternal parent of the open-pollina­
tion seed included as entry 175-44, was shipped to Winnipeg 
from Saskatoon. The clonal material was vegetatively propa­
gated in pots in the greenhouse at the University of Manitoba. 
An attempt was made to have propagules as similar in size 
and vigor as possible. The clonal material was subsequently 
transplanted to the field nurseries for use in space-planted 
tests. 
The experimental material was established in the research 
plots at the University of Manitoba, Winnipeg, Canada. The 
soil in this area is a Red River clay. The previous treatment 
of the experimental area had been one year of black summer-
fallow. 
Seed Yield Test 
This test to contrast the performances of northern and 
southern elimatypes of bromegrass was established in a solid 
planting in the field in 1954. A total of 23 entries were 
solid-seeded in a randomized, complete block experiment con­
taining six replications. Replicates were 40 by 63 feet. 
Main plots within replicates were 10 by 10 feet, approxi­
mately, and were divided into two subplots by a single row 
of alfalfa seeded down the middle line. Each subplot con­
sisted of six rows of bromegrass spaced 9 inches apart. The 
entire circumference of a main plot also was bordered by a 
single drilled row of alfalfa. Each main plot abutted to the 
next main plot on all sides, except for those plots on the 
outside edges of the test area. The plots were seeded in 
May, 1954, with a Planet Jr. seeder. The approximate rate 
of seeding was 16 pounds per acre. No companion crop was 
used in the establishment year and no application of fertiliz­
er was made. The Red River clay soil in the experimental area 
was quite fertile. 
One half of each main plot, chosen initially at random, 
received ammonium nitrate fertilizer, formulation 55-0-0, 
applied at the rate of 200 pounds per acre. This application, 
therefore, consisted of 66 pounds of nitrogen per acre. Fer­
tilizer applications began in the spring of the first seed 
crop year and were repeated annually at that time of the year 
throughout the duration of the test period. In 19 55, ferti­
lizer was applied to the appropriate plots by mid-April. In 
1956 and 1957, applications were made by the last week in 
April. In all instances, the calculated weight of fertilizer 
necessary was hand broadcast at each time of application. 
Plots in the seed test became well-established in 1954. 
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Vegetative growth was sufficient to permit a cut to be taken 
for forage yield in early August of the seeding year. 
Moisture conditions in 1955, 1956 and 1957 were vari­
able but adequate for development end maturation of seed. 
The growing season for bromegrass seed production in the 
Winnipeg area begins the latter part of April, on the average, 
while seed harvest begins about the first week of August. In 
1955, May was warm and moisture conditions about normal with 
2 inches of rainfall. In June, rainfall was 4.67 inches, 
about 1.5 inches above normal- Rainfall in July was 1 inch 
below normal. Growing conditions in 1956 were somewhat dry, 
each month of the seed growing period being below normal in 
rainfall. In 1957, growing conditions were again variable, 
May being somewhat dry, 0.5 inches below normal; June being 
wet, 1.8 inches above normal; and July being dry, with only 
58/o of average rainfall. In each year of the experiment, 
there was adequate moisture to dissolve the fertilizer and 
make it available. Availability of moisture was most limited 
in 1956, but even in that year over 4 inches of rain fell dur­
ing the months of May and June. 
Previous to seed harvest each year, a mower strip 18 
inches wide was removed from the ends of each plot. This 
left a possible harvest area of 7 feet in length and opened 
passes around the individual plots to permit access for 
sampling and observations - Before harvest in 1955 and 1956, 
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data, on panicle production were recorded. The first-year data 
were acquired by using a square yard quadrat frame inserted 
into the plot and counting the number of panicles within the 
similar quadrat area for each subplot. In 1956, data were 
obtained by using a rating scale and visual observations. 
The rating scale ranged from 1 to 9, 1 representing low pan­
icle production and 9 being top rating for panicle produc­
tion. The two types of data were transformed to sin"0 for 
analysis purposes. The range in panicle production data, in 
1956 was quite wide, varying from very low for entry 175-44 
to extremely high for entry 383. It was considered that the 
rating scale as used in that year was equivalent to recording 
the data in percent. Thus, in accordance with recommenda­
tions for analysis of percentage data, the necessary trans­
formations were made to sin^Q . Panicle data for both years 
were handled in a similar manner to permit combined analyses 
to be made. Because the interest in these tests regarding 
panicle production ability was relative, one entry versus 
another rather than absolute, the sin^0 data were left in 
this form for presentation. 
For fertility measurements, a random sample of five 
panicles was harvested from each subplot in each of the three 
years of the test. Ea.ch sample was harvested by clipping the 
stem immediately below the point of attachment of the lowest 
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panicle branches. Samples were collected in paper bags, 
air-dried, weighed, threshed and the weight of the cleaned 
seed determined. All weighings were made using a Mikrowa 
balance which records weight in grams correct to the second 
decimal place. Threshing was carried out with a modified 
Waring blendor and cleaning with a South Dakota Seed Blower. 
Using the formula proposed by Raeber and Kalton (34), the 
ratio of weight of cleaned seed to initial total panicle 
weight was recorded in decimals as the fertility rating of 
the subplot entry. 
In 1956, data were recorded for each subplot for leaf 
width, disease rating and plant height. Leaf width was 
measured in millimeters for three sample leaves from each 
subplot. Measurements were taken at the widest point along 
the blade of the leaf. The average width of the three samples 
was recorded as the average leaf width for the subplot. Each 
leaf selected for measurement was a leaf immediately below 
the flag leaf on a well-developed culm. A similar procedure 
was followed for measuring plant height. Heights were re­
corded in inches, the measurement being taken to the tip of 
the uppermost leaf on the culm below the flag leaf. The 
average height of three separate measurements was recorded 
for each subplot. Disease incidence was recorded using a 
rating scale of 1 to 5, 1 for little or no disease and 5 rep­
resenting severely diseased. Foliar diseases were the only 
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observations assessed. 
Seed yield for each subplot was evaluated by harvesting 
panicles from a similar quadrat within each subplot. In 
1955, the size of the quadrat was 1 square yard. In 1956 and 
1957, a strip down the center of each subplot, 3 feet wide 
and 7 feet long, was harvested. Harvested panicles were air-
dried and threshed in a small plot thresher. The seed was 
cleaned with a laboratory Clipper cleaner and weighed on a 
Toledo scale. Weights were taken in grams and converted to 
pounds per acre. The conversion factor in 1955 was 10.67 and 
4.57 for the other two years. 
A measurement of seed weight for each subplot was made 
for 1956 aiid 1957. The seed used for this study was that 
harvested for seed yield. The first year, three sub-samples 
of 100 seeds each were counted, weighed in grams correct to 
two decimal places and an average weight determined. In 
1957, only two sub-samples of 100 seeds each were counted 
and weighed. In cases of unusual discrepancies in weights 
of members of a pair of samples, a third sample was counted 
and weighed. In both years, the average weight was then con­
verted to 1000 seed weight and recorded for the subplot. 
Forage Yield Test 
In addition to the six standard check varieties included 
in every test, reserve seed of six experimental strains was 
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sufficient to establish a test area for measurement of com­
parative forage yields. Two of the six experimental strains 
were of northern origin and four were of southern origin. 
The experimental strains were 53-7, 175-44, 475, 561, 510 and 
521. The test was arranged in a randomized complete block 
experiment with six replications. The size of plot, method 
of outlining main plots and subplots with alfalfa and method 
and rate of seeding were similar to those already described 
for the Seed Yield Test. 
Nitrogen fertilizer was applied to one subplot of each 
main plot with the choice initially random, and the same sub­
plot received fertilizer each year in 1955, 1956 and 1957. 
No fertilizer was applied in 1954, the year of establishment. 
The formulation of fertilizer, rate, method and time of appli­
cation were similar to those used with the Seed Yield Test. 
Since establishment in 1954 was very successful, a first-
year forage cut was made in early August of that year. Har­
vests also were made in the succeeding years, 1955, 1956 and 
1957. Immediately prior to forage harvest, a mower strip 18 
inches wide was removed from the ends of the plots. This 
left a harvestable length of 7 feet in each subplot. For 
harvest purposes, a strip 3 by 7 feet was mowed down the cen­
ter of each subplot end the cut forage weighed to the nearest 
0.10 pound as green weight forage yield. Two cuts were made 
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each year in 1955 and 1958, but only one in 195? when condi­
tions were very dry during July. For purposes of analysis, 
the weights of first and second cuts, if any, for each year 
were totalled and recorded as green-weight forage production 
for each subplot. 
The forage test area was continued until 1958 with the 
hope that residual effect of fertilizer, if any, could be 
measured. No fertilizer was applied in 1958. Practically 
no rainfall occurred during the months of May and June of 
1958 and by the end of June there was no harvestsble growth 
on the plots. 
Space-planted Test 
The 12 varieties and strains which were included in the 
Forage Yield Test also were established in a space-planted 
test. A randomized, complete block design was employed with 
six replications. Seedlings of each entry were established 
in plant bands in flats in the greenhouse during the early 
spring of 1954 and transplanted to the field in the latter 
part of May. Plants were established on 3-foot centers. 
The center line between plants, in both directions, was seeded 
to a single drilled row of alfalfa. This created a square of. 
1 yard for individual plant development, bordered on all sides 
by a row of alfalfa. Subplots consisted of 10 plants of 
bromegrass in a row. Main plots consisted of two similar rows 
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of an entry. In addition to the seedling entries, two 
parental clones, one of southern origin and one of northern 
origin, were included in the space-planted test. Main plots 
and subplots for clonal entries were similar to those for 
seedling entries. 
Establishment in this test during 1954 was excellent. 
No fertilizer was applied in that year. The individual plants 
were not clipped during 1954, other than topping some plants 
with a hand sickle to remove flowering culms and prevent seed 
set and shattering. 
In the spring of 1955 one subplot of each main plot, 
chosen at random, was fertilized with ammonium nitrate fer­
tilizer, formulation 33-0-0, applied at the rate of 200 pounds 
per acre. The measured amount of fertilizer was applied on 
each plant in a subplot by hand broadcast. Time of applica­
tion was similar to that for the Seed and Forage Yield Tests. 
Previous to seed harvest in 1955, a sample of five 
typical panicles was collected from each plant for use in. 
assessing a fertility index for each plant. The manner of 
sampling, collecting, processing and recording fertility data 
for each plant was similar to that previously described for 
the Seed Yield Test. Data on panicle production for each 
plant also were obtained in 1955 at harvest time by counting 
the number of panicles produced. In the same year each plant 
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was harvested for seed yield and the seed threshed and cleaned 
as in other tests. The weight of the cleaned seed, in grams, 
was then recorded for each plant. 
Statistical Analyses 
Statistical analyses were made of the data for each of 
the characters studied for each year and, where applicable, 
for the two or three years combined. The method of split-
plot analysis as outlined by Snedecor (38) was followed. 
Character relationships were studied by calculation of cor­
relations and partial-correlations. The latter were obtained 
by first computing partial-regressions and then partial-
correlations, a method outlined by Hayes et el. (14). Herit-
ability estimates were derived by obtaining ratios of variance 
differences. 
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EXPERIMENTAL RESULTS 
The results from.each test for the characters studied are 
presented separately. To facilitate examination of the re­
sponses of the two climatypes (northern and southern), data 
are reported in appropriate groups. In analyses of variance, 
degrees of freedom for varieties are partitioned to permit 
observations of group effects. Similarly, where significant 
interactions occurred, appropriate degrees of freedom are 
partitioned to contrast effects in the climatype groups. 
The two solid-seeded tests were harvested in early August 
of the seedling year for green weight forage yield. These 
data, presented in Table 2, are evidence of the success in 
stand establishment and offer some information on relative 
vigor of establishment of northern and southern climatypes. 
Analyses of variance of these green weight yields are given 
in Table 3. 
In the Seed Yield Test, average yield of the southern 
group was significantly above (1% level) that of the northern. 
In the Forage Yield Test, average yield of the southern group 
was above that of the northern but the difference was not 
significant. The standard check variety, Commercial, was 
low in yield relative to most other entries. The correla­
tion between forage yields in the two tests in 1954 was 0.52. 
This correlation was not significant with only 10 degrees of 
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Table 2. Mean green weight yields in pounds per plot for 
several varieties and strains of northern and 
southern bromegrass for 1954 in solid-seeded tests 
Mean forage yields (lbs./plot) 
Entry Seed test Forage test 
Northern 
194-12 6.07 
Commercial 5.28 4.52 
216-20 6.23 
53-7 5.09 4.51 
64-10 5.08 
175-29 6.01 
BR3 5.97 5.25 
175-44 5.48 5.55 
Group mean 5.65 4.96 
Southern 
527 6.67 — 
475 6.38 5.92 
561 6.21 5.01 
510 6.47 5.45 
457 5.40 — — 
Fischer 5.90 5.26 
533 6.12 — —* 
567 5.95 — —» 
Lancaster 6.23 5.20 
383 5.77 — —• 
521 6.46 5.07 
455 6.21 — — 
Lyon 6.11 5.36 
Southland 6.46 4.92 
503 6.62 — — 
Group mean 6.20 5.27 
Grand mean 6.01 5.17 
L.S.D. (b%) 0.75 0.60 
Inter-test correlation ("r") 0.52 
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Table 3. Analyses of variance of green weight yields in 
solid-seeded plots in 1954 
Source of 
variation 
Seed Test Forage Test 
D.F. Mean squares D.F. Mean squares 
Replicates 5 12.95 5 1.13 
Varieties 22 2.56** 11 1.96** 
N vs Sa 1 18.41** 1 3.21 
¥ithin 21 1.81** 10 1.83** 
Error (a) 110 0.867 55 0.54 
Subplots 1 0.09 1 0-01 
S x V 22 0.29 ' 11 0.18 
Error (b) 115 0.38 60 0.19 
^Northern versus Southern 
*F value exceeds the 5% point 
**F value exceeds the 1% point 
freedom for testing. In both tests, the subplots (for fer­
tilizer treatment) were not significantly different and there 
was no subplots x varieties (S x V) interaction. These data 
served in a sense as a uniformity trial of the experimental 
area and revealed that testing conditions probably were uni­
form, although entry differences were evident in both tests. 
Seed Yield Test 
Seed yield 
In the Seed Yield Test highly significant differences 
among entries in seed yield occurred in every year of the 
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test. The mean seed yields in pounds per acre for all entries 
at the two levels on nitrogen (M , no nitrogen; Nj, 66 pounds 
of nitrogen per acre) for the three-year period ere presented 
in Table 4. The analyses of variance for each year and for 
the three years combined appear on the accompanying Table 5. 
In each year and as an average of three years, northern clima-
type brome exceeded the southern type in seed yield. This 
difference was not significant in 1955 or 1956 but exceeded 
the 1% level of significance in 1957 and for the three years 
combined. The group mean yield for the northern entries 
progressively increased with each succeeding year. The corre­
sponding mean yield of southern entries increased from the 
first year to the second but declined in the third year. 
The trend of these data suggests that a seed yield test of 
shorter duration would not have revealed this apparent dif­
ference in seed yield capacity between the two climatypes. 
The years x varieties (Y x V) interaction was highly 
significant and indicated that the relative performance of 
varieties varied from year to year. This variation in re­
sponse probably was due in a large part to the different 
environmental conditions encountered in the years of test­
ing, but it also may be indicative of a different growth and 
development pattern for some of the entries. As an example, 
entry 561 reached its maximum performance the first seed 
year while entry 527 reached its maximum peak the second 
Table 4. Mean seed yields for several entries of two types of bromegrass at two 
levels of nitrogen fertilization for 1955, 1956 and 195? in solid-seeded 
test 
Seed yields (lbs./acre) 
Entry 
1955 1956 1957 3 years combine 
No N1 Mean Ko Nl Mean «0 Nl Mean No Nl Hear 
Northern 
194-12 450 411 430 439 605 52% 545 559 54A 47P 5?3 snn 
Commercial 372 322 347 331 444 388 468 586 527 391 451 421 
216-20 . 240 194 217 446 620 533 491 526 509 393 447 420 
53-7 336 320 328 463 443 453 404 433 4ie 401 399 400 
64-10 404 311 357 398 487 442 380 413 397 394 404 399 
175-29 443 387 415 249 370 310 313 513 413 335 424 380 
BR3 290 325 308 293 266 280 309 431 370 297 341 319 
175-44 295 350 323 148 227 187 330 327 328 258 301 279 
Group meen 341 389 439 390 
Southern 
527 398 338 368 355 616 485 357 423 390 370 459 414 
475 318 283 300 348 481 415 266 491 378 311 418 364 
561 420 437 428 258 399 329 222 446 334 300 427 364 
510 420 409 414 299 439 369 284 295 290 334 381 357 
457 284 329 307 348 524 436 148 197 172 260 350 305 
Fischer 331 221 276 331 356 344 225 334 280 296 304 300 
533 308 251 279 248 446 347 220 325 272 258 340 299 
567 256 267 261 308 408 358 174 336 255 246 337 291 
Lancaster 299 222 261 328 303 315 259 332 296 295 286 291 
383 240 258 249 232 417 325 177 293 235 216 323 269 
521 246 194 220 279 411 345 171 288 229 232 298 265 
455 183 211 197 315 371 343 251 250 250 249 277 263 
Lyon 199 217 208 263 443 353 198 254 226 220 305 262 
Southland 252 270 261 223 383 303 131 245 188 202 299 251 
503 199 189 194 222 237 229 280 312 296 233 246 240 
Group mean 282 353 273 302 
Grand mean 312 292 302 310 422 366 287 374 330 303 362 333 
L.S.D. (5#) 131 115 153 88 
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Table 5. Analyses of variance of seed yields in solid-seeded 
tests 
Source of 
variation D.F. 
Mean squares 
1955 1956 1957 
3 years 
combined 
Replicates 5 62885 64060 449041 261731 
Varieties 22 67067**' 87603** 132156** 175002** 
N vs S* 1 218547 83645 1730113** 1431120** 
Within 21 59854*-! * 87791** 50062 115187** 
Error (a) 110 25976 20240 35657 35391 
Fertilizers 1 28244* 863633** 522000** 733843** 
F x V 22 6292 18061 14281 13590 
Error (b) 115 6895 15816 10998 14742 
Years 2 279922** 
Y x V 44 55912** 
Y x F 2 340017** 
Y x V x F 44 12522 
Error (c) 460 19816 
aNorthern versus southern 
*F value exceeds the b% level 
**F value exceeds the 1% level 
seed year. Some entries were of particular interest "because 
of their performances in relation to that of their parental 
source strain. Entry 194-12 ranked first in seed yield in 
two of the three test years. It did not, however, signifi­
cantly outyield Its parental source, Commercial• In the 
southern climatype group, entry 527 was the highest yielding 
strain, significantly outyielding its parental source, 
Fischer, in one year out of the three and as an average for 
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the three years combined. It would appear from these results 
that the plant breeder has made some progress in improvement 
of seed yield in bromegrass. 
Fertilizer effects on seed yield did not become apparent 
until tne second seed year. The plots had been established 
on summerfallow lend and the original level of fertility evi­
dently was adequate. The data for 1955 are of interest. In 
1955, the unfertilized plots outvielded those which received 
fertilizer. The uniformity data presented previously for 1954 
indicated no difference between the two plot areas concerned. 
The fertilizer was applied in 1955 as early in the spring as 
weather conditions permitted. Aside from an already high 
level of fertility, one possible explanation for this lack 
of response could be that the spring application of fer­
tilizer was not as effective as fall application might have .. 
been. It also was possible that the only effect of the 1955 
application of fertilizer was to encourage vegetative growth 
at the expense of differentiation. No other explanations for 
these data appeared plausible. 
The average yield of fertilized plots was significantly 
higher than that from unfertilized plots in 1956, 1957 and for 
the three years combined. While the data do indicate a rela­
tively larger response of some entries in particular years, 
the fertilizers x varieties (F % V) interaction was not sig­
nificant. The relative response of the two climatypes in this 
38 
regard was of interest and Table 6 presents these comparisons. 
In both 1956 and 1957, application of nitrogen fertilizer 
raised the average yield of the southern climatype group more 
than the corresponding average yield of the northern. The in­
crease in the mean yield of the northern group for the three 
Table 6. Mean seed yields for two climstypes of bromegrass 
at two levels of nitrogen fertilization for three 
years in solid-seeded test 
Seed yield (lbs./acre) 
•3 years 
1955 1956 1957 combined 
Entry N]_ 
Northern 354 328 346 433 405 473 368 411 
Difference -26 87 68 43 
Southern 290 273 290 416 224 321 268 337 
Difference -17 126 97 69 
years combined was 43 pounds per acre while the corresponding 
increase for the southern group was 69 pounds per acre. Since 
the southern entries were considerably lower in seed yield, 
these results suggest that the group is more responsive to 
nitrogen fertilization than the northern. While these trends 
were of interest, there were no significant varieties x fer­
tilizers (V x F) interactions. 
The years x fertilizers ( Y x F) interaction was highly 
significant; that is, the effects of fertilizer in each year 
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•were not additive. In 1955, the effect was towards reducing 
seed yield while in 1956 and 1957 the effects were toward 
increasing seed yield « 
The coefficients of variation for each year and over the 
three years combined were quite high end suggested caution in 
making broad interpretations. The coefficients for the years 
1955, 1956, 1957 and the three years combined were 27, 34, 32 
and 42#, respectively. 
Panicle production 
Table 7 presents a summary of relative panicle produc­
tion expressed as sin^0 for entries of northern and southern 
bromegrass at two levels of nitrogen fertilization for 1955 
and 1956. Accompanying Table 8 gives the analyses of vari­
ance of these panicle production data. There was no signifi­
cant difference between the northern and southern climatypes 
in panicle production in 1955. The difference in 1956, how­
ever, was highly significant, with the southern cliraatype 
producing a significantly larger number of panicles. This 
superiority of the southern group also was observed for the 
two-year average. 
In each year differences among individual entries in 
ability to produce panicles were observed. The differences 
were significant at the 5% level in 1955 and at the 1% level 
in 19 56 and for the two years combined• Within the northern 
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Table 7. Mean relative panicle production expressed as sin 0 
for several varieties and strains of northern and 
southern bromegrass at two levels of nitrogen 
fertilization for 1955 end 1956 in solid-seeded 
test 
Mean relative panicle productions ( sin^ ) 
2 years 
1955 1956 combined 
Entry N Mean NQ Mean NQ Mean 
Northern 
194-12 35 .2 36 .0 35 . 6 54 .8 57 • 0 55 .9 45 .0 46 .5 45 .7 
Commercial 35 .1 32 .9 33 .9 53 .1 60 .8 56 .9 44 .1 46 .8 45 .4 
216-20 31 .1 29 .5 30 . 3 48 .9 51 .0 49 .9 40 .0 40 . 2 40 .1 
53-7 38 .1 40 .0 39 .0 54 .5 55.4 55 .0 46 .3 47 .7 47 .0 
64-10 37 .0 30 .9 33 .9 50 .0 57 .0 53 • 5 43 .5 43 .9 43 .7 
175-29 35 .9 37 .0 36 . 5 39 .9 47 .9 43 .9 37 .9 42 . 5 40 .2 
BR3 34 . 7 54 .5 34 . 6 48 .9 57 .1 53 .0 41 .8 45 .8 43 .8 
175-44 30 .8 35 .0 32 .9 29 .8 35 .2 32 . 5 30 .3 35 .1 32 .7 
Group mean 34 .6 50 .1 42 .3 
Southern 
527 43 .2 43 .3 43 .2 61 .4 73 .9 67 .6 52 .3 58 .6 55 .4 
475 39 .1 31 .0 35 .0 58 .5 72 .5 65 .5 48 .8 51 .7 50 .2 
561 40 • 6 44 .4 42 .5 55 .2 84 .4 69 .8 47 .9 64 .4 56 .1 
510 43 • 6 39 • 6 41 .6 56 .0 65 .6 60 .8 49 " 8 52 .6 51 .2 
457 28 • 8 33 .0 30 .9 59 .5 70 .8 65 .1 44 .1 51 .9 48 .0 
Fischer 36 .9 29 .1 33 .0 63 .5 70 .8 67 .1 50 .2 50 .0 50 .1 
533 31 » 8 30 .9 31 .3 58 .8 67 .0 62 .9 45 .3 48 .9 47 .1 
567 33 .9 38 • 2 36 .0 62 .5 81 .1 71 .8 48 .2 59 .6 53 .9 
Lancaster 38 .1 37 .0 37 .6 57 .0 70 .8 63 .9 47 .5 53 .9 50 .7 
383 44 .1 42 .4 43 .2 69 .4 84 .4 76 .9 56 .8 63 .4 60 .1 
521 34 .2 28 e 4 31 .3 56 .4 67 .3 61 .9 45 .3 47 .9 46 .6 
455 31 .5 27 .0 29 .2 52 .8 54 .9 53 • 8 42 .1 41 .0 41 . 5 
Lyon 35 .9 38 .0 36 .9 58 .3 69 .2 63 .7 47 .1 53 . 6 50 .3 
Southland 30 .9 39 .9 35 .4 48 .9 62 .5 55 .7 39 .9 51 .2 45 . 5 
503 32 .0 31 .5 31 .7 45 .0 59 ,7 52 .3 38 .5 45 .6 42 .0 
Group mean 35 .9 64 .0 49 .9 
Grand mean 35 .8 35 .2 35 .5 54 .1 64 .2 59 .1 44 .9 49 .7 47 .3 
L.S.D. (5>b) 8 .2 10 .1 6 .5 
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Table 8. Analyses of variance of panicle production 
expressed as sin^0 in solid-seeded plots 
Mean squares 
Source of 
variation D.F. 1955 1956 
2 years 
combined 
Replicates 5 1631.27 "288.61 1615.75 
Varieties 22 208.45* 1139.24** 891.19** 
N vs Sa 1 112.37 12037.23** 7237.85** 
Within 21 213.02* 620.29** 588.97** 
Error (a) 110 103.10 155.31 127.85 
Fertilizers 1 21.82 7103.48** 3168.97** 
F x V 22 54.32 118.09* 106.56** 
Error (b) 115 47.37 62.20 47.98 
Years 1 77148.67** 
Y x V 22 456.50** 
Y x F 1 3956.33** 
Y x V x F 22 65 .85 
Error (c) 230 99.85 
^Northern versus southern 
*F value exceeds the 5/° point 
**F value exceeds the 1% point 
group in 1955, there was a close similarity in panicle pro­
duction capacity. In the same year in the southern group, 
differences were wider. In 1956, the level of panicle pro­
duction was higher in most entries. Some entries were worthy 
of note. Strain 175-44, a northern climatype, remained at 
a low level of panicle production in both years. This entry 
produced panicles which were generally located on the 
periphery of plant development, very fine in texture and low 
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in height. It would be classified as a pasture type. Within 
the southern group,•entry 527 was consistently high in panicle 
production and entry 383 was highest over the two-year period. 
The application of fertilizer had no apparent stimulat­
ing effect on panicle production in 1955. In both climatype 
groups, there was a tendency toward a lower panicle produc­
tion on fertilized plots. This information agreed with the 
observation, suggested previously, that the effect of fer­
tilizer in the first year was to favor vegetative production 
and retard differentiation. In 1956, fertilized plots were 
significantly higher in panicle production than unfertilized. 
A comparison of the unfertilized plots in both years showed 
that the average panicle production increased in the second 
year, which indicated that plant development probably had not 
reached its maximum in the first year. 
The fertilizers x varieties (x V) interaction was not 
significant in 1955 but was significant in 1956 (5;» level) 
and for the two years combined (1% level). The degrees of 
freedom for this interaction were partitioned to examine the 
nature of the interaction. Table 9 presents the necessary 
information. 
The data for 1956 indicate a greater effect of nitrogen 
in increasing panicle production in the southern group than 
in the northern group• The analysis of variance showed that 
this differential effect was highly significant. The same 
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Table 9. Mean relative panicle production and analyses of 
variance for two climatypes of bromegrass at two 
levels of nitrogen fertilization for 1955 and 
1956 in solid-seeded test 
Panicle production (  s i )  
1955 1956 
S years 
combined 
Item No Ni - No Ni 
Northern 
Difference 
34.7 34.5 
-0.2 
47.5 52.7 
5.2 
41.1 43.6 
2.5 
Southern 
Difference 
36.3 35.6 
-0.7 
Analyses of 
57.5 70,3 
12.8 
variance-
46.9 52.9 
6.0 
Source of 
variation D .F. 
Mean 
1956 
sauares 
2 years 
combined 
Fertilizers 1 7103.48** 3168.97** 
F x V 22 118.09* 106.56** 
Groupsa 1 1003.40** 396.54 
Within 21 75.93 92.76* 
Error (b) 115 62.20 47.98 
aGroups x fertilizers 
*F value exceeds the point 
•iHi-p value exceeds the 1% point 
trends are apparent in the data for the two years combined ; 
however, these differences were not significant st the 5% 
point. The F value required for significance vfs 4.32, 
whereas the computed F value was 4.2?. Nevertheless, it must 
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ce concluded that much of the significance of fertilizers x 
varieties (F x V) interaction for the two years combined was 
due to the differential .effect on the northern and southern 
group. 
The highly significant difference between years was the 
result of a different response in each year depending on 
environment and age of stand- The highly significant years 
x fertilizers (Y x F) interaction arose from the differential 
response to fertilizer in the first year contrasted with the 
effect in the second. 
The coefficients of variation computed for 1955, 19 56 
and the two years combined were 19, 13 and 21/9, respectively. 
These coefficients are considerably lower than those which 
were reported previously for seed yield. 
Fertility rating 
The second primary component of seed yield studied in 
the Seed Yield Test was open-pollinated fertility. Mean 
fertility indexes in decimal fractions determined for the 
varieties and strains of northern and southern bromegrass at 
two levels of nitrogen fertilization for 1955, 1956 and 1957 
appear in Table 10. Table 11 presents the analyses of vari­
ance for each of the three years and for the three years 
combined. 
Table 10. Mean fertility Indexes for several entries of two tyues of bromegrass at 
two levels of nitrogen fertilization for 1955, 1956 and 1957 in solid-
seeded test 
Mean fertility indexes (decimals) 
Entry 
1955 1956 1957 5 years combinée 
NQ Nl Me an N0 Nl Mean N0 N1 Mean No Ni Mean 
Northern 
194-12 .667 .670 .668 .792 .800 .796 .673 .658 .666 .711 .709 .710 
Commercial .642 .622 .632 .727 .718 .723 .597 .583 .590 .655 .641 .648 
216-20 .590 .613 .602 .768 .768 .768 .640 .580 .610 .666 .654 .660 
53-7 .627 .622 .624 .727 .767 .747 .622 .610 .616 .658 . 666 .662 
64-10 .600 .582 .591 .733 .758 .746 .548 .538 .543 .627 .626 .627 
175-29 .615 .580 .598 .742 .755 .748 .608 .605 .607 .655 .647 .651 
BR3 .612 .623 .618 .747 .742 .744 .597 .580 .588 .652 .648 .650 
175-44 .630 .647 .638 .730 .737 .733 .627 .595 .611 .662 .659 .661 
Group mean .621 .751 .604 .658 
Southern 
527 .605 .627 .616 .683 .753 .718 .585 .573 .579 .624 .651 .638 
47 b .565 .570 .568 .693 .697 .695 .605 .560 .583 .621 .609 .615 
561 .547 . 580 .563 .700 .733 .717 .527 .455 .491 .591 .589 .590 
510 .577 .573 .575 .677 .650 .663 .560 .517 .538 .604 . 580 .592 
457 .568 .612 .590 .710 .708 .709 .530 .538 .534 .603 .619 .611 
Fischer .578 .567 .573 .685 .725 .705 .518 .502 .510 .594 .598 .596 
533 .593 .587 .590 .723 .728 .726 .588 .550 .569 .635 .62? .628 
567 .548 .570 .559 .707 .685 .696 .492 .467 .479 .582 .574 .578 
Lancaster .537 .525 .531 .663 .618 .641 .490 .438 . 464 .563 .527 .545 
383 .525 .525 .525 .535 .637 .586 .355 .373 .364 .472 . 512 .492 
521 .612 .637 .624 .715 .745 .730 .622 .520 .571 .649 .634 .642 
455 .625 .637 .631 .745 .765 .755 .555 .568 .562 .642 .657 .649 
Lyon .558 .533 .546 .652 .642 .647 ,532 .520 .526 .581 .565 .573 
Southland .560 .550 . 555 .690 .678 .684 .552 .465 .508 .601 .564 .583 
503 .630 .633 .632 .740 .767 .753 .603 .582 .593 .658 .661 .659 
Group mean .578 . 69 5 .523 .599 
Gram mean .592 .595 .593 .708 .721 .714 .566 .538 .552 .622 .618 .620 
L.S.D. (5#) .07 .04 .06 .04 
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Table 11. Analyses of variance of fertility indexes in 
solid-seeded plots 
Mean squares 
Source of 
variation D.F. 1955 1956 1957 
3 years 
combined 
Replicates 5 0 .0228 0 .0170 0 .0112 0.0113 
Varieties 22 0 .0169** 0 .0264** 0 .0494** 0.0799** 
N vs 1 0.1147* 0.1937** 0.3920** 0.6580** 
Within 21 0.0122 0.0185** 0.0331** 0.0524** 
Error ( a) 110 0 .0083 0 .0025 0 .0052 0.0069 
Fertilizers 1 0 .0007 0 .0112** 0 .0545** 0.0134** 
F x V 22 0 .0016 0 .0030 0 .0028 0.0024 
Error ( b) 115 0 .0057 0 .0019 0 .0056 0.0048 
Years 2 1.9600** 
Y x V 44 0.0064 
Y x F 2 0.0265** 
Y x V x . F 44 0.0023 
Error ( c) 460 0.0047 
^Northern versus southern 
**F value exceeds the 1#'point 
Differences in mean fertility indexes of entries were 
highly significant in each year and for the three years com­
bined . Partitioning of degrees of freedom for varieties 
showed that there were highly significant differences in mean 
performances of the two groups. In all years, the northern 
climatype had a significantly higher mean fertility index. 
Knowles and White (22) had reported no differences in fertil­
ity between the two types. Entry 194-12, a northern clima­
type, had the highest mean fertility index in the northern 
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group in each of the three years and it was significantly 
higher than its parental source, Commercial. The same rela­
tionship existed in the southern group between entry 527 and. 
its parental source, Fischer. 
The effect of fertilizer application was insignificant 
in 1955 but effects in 1956 and 1957 were at variance with 
each other. In 1956, the average fertility index of plots 
receiving nitrogen was significantly higher than the average 
for untreated plots. The reverse was true in 1957. No 
explanation can be advanced to account for this. An average 
of the three years showed that there was no significant effect 
on fertility index. Variability in response in 1956 and 1957 
gave rise to a highly significant years x fertilizers (Y x F) 
interaction in the analysis for the three years combined. 
The coefficients of variation for fertility index were rela­
tively low, being 13, 6, 13 and ll;z> for 1955, 1956, 1957 and 
the three years combined, respectively. 
Seed weight 
The mean 1000 seed weight in grams for the entries of 
northern and southern bromegrass at two levels of nitrogen 
fertilization for the years 1956 and 1957 are reported in 
Table IE. Table 13 reports a summary of the analyses of 
variance of these data. The mean seed weight of the northern 
group of entries was significantly higher than that of the 
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Table 12. Mean 1000 seed, weights in grams for several 
varieties and strains of northern and southern 
bromegrass at two levels of nitrogen fertiliza­
tion for 1956 and 19-57 in solid-seeded tests . 
Mean 1000 seed weights (grams) 
2 years 
1956 19 57 combined 
Entry N0 N]_ Mean N0 Mean N0 N]_ Mean 
Northern 
194-12 3 .59 3 .59 3. 59 3 .21 3 .18 3 .20 3 .40 3.38 3 .39 
Commercial 3 .90 3 .80 3. 85 3 .39 3 .50 3 .44 3 .64 3.65 3 .65 
216-20 4 .24 4 .13 4. 18 3 .83 3 .78 3 .80 4 .04 3.96 3 .99 
53-7 4 .06 3 .92 3. 99 3 .52 3 .40 3 .46 3 .79 3.66 3 .72 
64-10 4 .23 4 .10 4. 17 3 .54 3 .43 3 .48 3 .88 3.76 3 .82 
175-29 3 .9J3 3 .67 3. 79 3 .40 3 .50 3 .45 3 .66 3.58 3 .62 
BR3 3 .98 3 .90 3. 94 3 .25 3 .38 3 .32 3 .62 3.64 3 .63 
175-44 4 .13 4 .13 4. 13 3 .58 3 .64 3 .61 3 .86 3.88 3 .87 
Group mean 3. 95 3 .47 3 .71 
Southern 
527 3. 72 3 .50 3 . 61 3 .20 3 .37 3 .28 3 .46 3 .44 3.45 
475 3. 64 3 .74 3 .69 3 .26 3 .30 3 .28 3 .45 3 .52 3.49 
561 3. 63 3 .48 3 . 55 3 .18 3 .05 3 .12 3 .41 3 .26 3.34 
510 3. 74 3 . 68 3 • 71 3 .30 3 .35 3 .32 3 .52 3 .51 3.52 
457 3. 52 3 .42 3 .47 3 .05 3 .09 3 .07 3 .28 3 .26 3.27 
Fi scher 3. 66 3 .71 3 .69 3 .11 3 .23 3 .17 3 .38 3 .47 3.43 
533 . 3. 61 3 .46 3 . 54 3 .07 3 .08 3 .08 3 .34 3 .27 3.31 
567 3. 42 3 .31 3 .37 3 .04 2 .94 2 .99 3 .23 3 .12 3.18 
Lancaster 3. 33 3 .25 3 .29 3 .01 2 .85 2 .93 3 .17 3 .05 3.11 
383 4. 03 3 .86 3 .94 3 .14 3 .38 3 .26 3 .59 3 .62 3.60 
521 3. 86 3 .69 3 .77 3 .21 3 .36 3 .28 3 .53 3 .52 3.53 
455 3. 68 3 .64 3 .66 3 .19 3 .14 3 .16 3 .43 3 .39 3.41 
Lyon 3. 68 3 .58 3 .63 3 .20 3 .12 3 .16 3 .44 3 .35 3.40 
Southland 3. 66 3 .60 3 .63 3 .17 3 .22 3 .20 3 .41 3 .41 3.41 
503 3. 65 3 «64 3 .64 3 .09 3 .00 3 .04 3 .37 3 .32 3.34 
Group mean 3 .61 3 .16 3.38 
Grand mean 3.78 3.69 3.73 
L.S.D. (5/0 0.14 
3.26 3.27 3.27 
0.16 
3.52 3.48 3.50 
0.12 
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Table 13. Analyses of variance of 1000 seed weights in 
so lid-seeded plots 
Mean squares 
Source of 
variation D .F. 1956 1957 
2 years 
combined 
Replicates 5 0 .0536 0.0292 0.0307 
Varieties 22 0 .6916** 0.5146** 1.1419** 
N vs S& 1 7.3379** 6.1757** 13.4885** 
Within 21 0.3751** 0.2451** 0.5539** 
Error ( a) 110 0 .0298 0.0403 0.0417 
Fertilizers 1 0 .5644** 0.0147 0.1985* 
F x V 22 0 .0200 0.0369 0.0250 
Error (b) 115 0 .0250 0.0359 0.0359 
Years 1 29.8250** 
Y x V 22 0.0644** 
Y x F 1 0.3805** 
Y x V x F 22 0.0320 
Error (c) 230 0.0972 
^Northern versus southern 
*F value exceeds the 5ft point 
value exceeds the 1% point 
southern group in both years. There were also highly sig­
nificant differences among entries in each of the years. 
Entry 216-20 had the heaviest seed weight in both years in 
the northern group. Entry 194-12 was of interest in having 
the lowest seed weight in that group. The ranking of entries 
within the southern group varied from year to year. Ferti­
lizer had the effect of significantly lowering average seed 
weight in 1956. This effect was not apparent in 19 57 and the 
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highly significant years x fertilizers (Y x F) interaction in 
the combined analysis was an indication of this variable re­
sponse from year to year. The average seed weight in 19 56 
was significantly higher than that in 1957. 
Coefficients of variation were extremely high for these 
data, being 42, 58 and 47;& for 1956, 1957 and the two years 
combined, respectively. These high coefficients suggest 
that the observations noted should be viewed with caution. 
Disease, leaf width and plant height 
Mean leaf disease ratings for all entries in the Seed 
Yield Test were recorded only in 1956 and are given in Table 
14 along with those for leaf width and plant height. The 
summary of the analyses of variance of these data is pre­
sented in Table 15. 
There were significant differences in reaction of entries 
to diseases prevalent in 1956 in the experimental area. The 
southern group of entries had a significantly lower disease 
incidence than the northern. The two foliar diseases present 
that year were brown spot, Pyrenophora. bromi Died, and leaf 
scald, Rhynchosporium secalis (Oud.) J. J. Davis. These 
leaf diseases were significantly more severe in fertilized 
than in unfertilized plots. There was a heavier vegetative 
growth in the fertilized plots and this environment probably 
was more conducive to disease build-up. The higher incidence 
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Table 14. Mean disease ratings, leaf widths and heights for 
several varieties and strains of northern and 
southern bromegrass for 1956 in solid-seeded test 
Disease ratings5 Leaf widths'*3 Heights0 
Entry N0 N]_ ' Mean N0 N]_ Mean N0 M]_ Mean 
Northern 
194-12 2 .00 4 .17 3.08 7 .7 8 .5 8 .1 27 .8 30. 3 29 .1 
Commercial 1 .83 4 .00 2.92 8 .2 8 . 7 3 .4 29 .7 30. 5 30 .1 
216-20 2 .67 3 .50 3.08 3 .7 8 .5 8 .6 32 - û 32. ? 32 .2 
53-7 1 .67 2 . 8o 2.25 7 .5 8 . 5 8 .0 29 .5 32. 5 31 .0 
64-10 1 .50 3 .33 2.42 9 .3 9 . 7 9 .5 27 .3 29. 7 28 .5 
175-29 1 .67 3 .50 2.58 8 .3 8 . 7 8 .5 29 .3 32. 0 30 .7 
BR3 1 . 50 3 • 17 2.33 .0 9 .2 8 .6 30 .0 34. 2 32 .1 
175-44 1 .67 2 .67 2.17 8 .0 8 .0 g .0 27 .2 29. 2 28 .2 
Group mean 2.60 8 .5 30 .2 
Southern 
527 1 .17 2 .33 1.75 8 .8 9 .2 9 .0 27 .5 29. 7 28 .6 
475 1 .33 3 .00 2.17 8 . 5 .7 8 .6 31 .0 33. 5 32 .2 
561 1 .17 2 .00 1.58 8 .2 8 . 3 8 .2 26 .8 30. 8 28 .8 
510 1 .33 2 .17 1.75 8 .5 9 .5 9 .0 28 .2 30. 0 29 .1 
457 1 .17 1 .50 1.33 8 .0 8 .8 8 .4 31 .2 34. 0 32 .6 
Fischer 1 .33 2 .83 2.08 g .5 9 .3 8 .9 29 .0 32. 7 30 .8 
533 1 .50 3 .00 2.25 8 . 5 9 .0 8 .8 27 .0 31. 7 29 .3 
567 1 • 17 1 .83 1.50 8 .2 9 .3 P .8 26 .5 31. 2 28 .8 
Lancaster 1 .00 2 .50 1.75 8 .5 8 .3 8 .4 26 .5 29. 2 27 .8 
383 1 • 17 2 .67 1.92. S .0 9 . 7 9 .3 31 .5 30. 8 31 .2 
521 1 .33 2 .00 1.67 7 .8 9 .3 8 .6 29 .2 31. 5 30 .3 
455 2 .00 4 .00 3.00 8 .5 9 .0 . 8 29 .8 32. 0 30 .9 
Lyon 1 .33 3 .17 2.25 7 .8 9 .2 8 .5 26 .2 29. 8 28 .0 
Southland 1 .50 3 .33 2.42 8 .8 9 .7 c .2 28 . 7 30. 8 29 .7 
503 1 .67 2 .50 2.08 8 .0 8 .7 • 8 .3 29 .8 31. 8 30 • 8 
Group mean 1.97 8 . 7 29 .9 
Grand mean 1 .51 2 .87 2.19 8 .3 8 .9 8 . 6 28 .8 31. 3 30 .0 
L.S.D. ( 5/o) 0.60 0 .8 1 .8 
aDisease rating scale : 1-5 - 1 resistant or slightly 
diseased, 5 badly diseased 
^Leaf width: top true leaf measured in millimeters 
cHeight : measured in inches to tip of top true leaf 
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Table 15. Analyses of variance of disease ratings, leaf 
widths and plant heights in solid-seeded test 
Source of 
vari ation D.F. 
Mean squares 
Disease Leaf width Height 
Replicates 5 4.81 1.88 28.13 
Varieties 22 3.05** 1.93* 25.89** 
N vs Sa 1 25.44** 4.35 5.08 
Within 21 1.99** 1.82* 26.88*4 
Error (a) 110 0.55 1 .03 4.83 
Fertilizers 1 128.06** 26.79** 438.78** 
F x V 22 0.84* 0.64 5.29 
Error (b) 115 0.43 1.01 6.09 
^Northern versus southern 
*F value exceeds the 5.% point 
•iKtjP value exceeds the 1% point 
of disease in the fertilized plots occurred in both the 
northern and southern groups. The significant fertilizers x 
varieties (F x V) interaction was due to entries varying in 
reaction to disease, some entries "being more affected than 
others. 
There were significant differences (5/6 level) in mean 
leaf widths of entries in this test. The southern group of 
entries had slightly wider leaves, on the average, but the 
difference was not significant. Strain 64-10, a northern, 
had the widest average leaf width. Fertilizer application 
had the effect of promoting growth, and leaf widths of fer­
tilized plots were significantly wider than those in the 
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check plots. 
There was no significant difference in the average 
heights of northern and southern climatypes but highly sig­
nificant differences did occur among all entries. Northern 
entry 216-20 and southern entry 457 were the tallest in their 
respective groups. Lyon and Lancaster were recorded as being 
the shortest of standard check varieties. Fertilizer had the 
effect of increasing height and fertilized grass was, on the 
average, 2.5 inches teller than unfertilized. 
Interrelationships 
The relationships among the components of seed yield and 
yield itself were studied. These relationships among the 
components for all entries of both groups combined are given 
in Table 16. For purposes of calculation, the mean of each-
component for the longest period of evaluation was considered 
as the best estimate of the value c:Z that component. The 
mean panicle rating utilized was that for a two-year period, 
while the mean fertility index was for three years and the 
mean seed weight for two years. Simple correlation coeffi­
cients showed that paniclè rating was uncorrelated with seed 
yield and fertility index was positively and significantly 
(5% level) correlated with seed yield (0.50). Seed weight 
was positively correlated with seed yield but this relation­
ship was not significant. The same relationships also were 
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Table 16. Correlation coefficients for all interrelation­
ships among mean seed yields, panicle ratings, 
fertility indexes and seed weights of 23 vari­
eties and strains of northern and southern 
bromegrass 
Simule correlations 
Seed 
yield 
(A) 
Panicle 
rating 
(B) 
Fertility 
index 
(C) 
Panicle rating (B) -0.02 
Fertility index (C) 0.50* -0.70** 
Seed weight (D) Ô.36 -0 .50* 
Partial-correla 
0.37 
tionsa 
Seed 
yi eld 
(A) 
Panicle 
rating 
(B) 
Fertility 
index 
(C) 
Panicle rating 0.67** 
Fertility index 0.72** ^ -0.81** 
Seed weight 0.52 -0.58* -0.36 
Multiple correlation 
R- A.BCD 
0.78** 
0.60 
^Independent of other components 
*F value exceeds the 5% level 
**F value exceeds the 1% level 
studied by partial-correlation where correlations between two 
characters can be examined independent of other components. 
This method was quite informative. Seed yield and panicle 
rating were correlated (l% level) with a value of 0.67. 
55 
Similarly, the relationship between seed yield and fertility 
index, independent of panicle rating and seed weight, was 
highly significant (0.72). The relationship between seed 
yield and seed weight was shown to be greater (0.52) than had 
been indicated by simple correlations, but the value was not 
significant. The multiple correlation among all these com­
ponents was 0.78, which is significant at the 1% level. This 
meant that about 60$ of the variation in seed yield was 
accounted for by its association with panicle production, 
fertility index and seed weight. In this mixed population, 
the effects of panicle number and fertility index are of most 
importance. It would appear that improvement in yield could 
be effected through any improvement in panicle rating or 
fertility index, or both. Seed weight appeared to be of less 
importance but still deserving of consideration in seed yield 
improvement. 
The relationships among the yield components themselves 
were of interest. Simple correlations showed that fertility 
index was negatively associated with panicle rating {l% 
level), the larger the number of panicles the lower the fer­
tility index. Similarly, the association between panicle 
rating and seed weight was negative (5% level), indicating 
that the larger the panicle number, the lower the seed weight. 
Fertility index and seed weight had a positive simple cor­
relation of 0.37, but this was not significant. The partial-
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correlations among the same components showed that the rela­
tionships "between panicle rating and fertility index and be­
tween panicle rating and seed weight remained approximately 
the same, increasing only slightly in value. The partial-
correlation between fertility index and seed weight, however, 
was shown to be negative (-0.-36), but not significant. 
In a similar way, the relationships within only the 
southern type group were examined (Table 17). The simple 
correlations between the components of seed yield and seed 
yield itself were all positive but none of them were signifi­
cant . The strongest relationship was between seed yield and 
panicle rating (0.51), while the simple correlations between 
seed yield and fertility index and seed yield and seed weight 
were 0.11 and 0.18, respectively. From these latter two cor­
relations, one might infer that the positive relationship be­
tween seed yield and seed weight might be the more important 
of the two. However, the partial-correlations showed the 
opposite, where fertility index and seed yield were signifi­
cantly (5$ level) related (0.74), while seed weight and seed 
yield were slightly negatively correlated (-0.09). The par­
tial-correlation value of seed yield and panicle production, 
independent of fertility index and seed weight, was shown to 
be 0.81, being significant at the 1% level. The multiple cor­
relation among all components was highly significant (0.82). 
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Table 17. Correlation coefficients for all interrelation­
ships among mean seed yields, panicle ratings, 
fertility indexes and seed weights of 15 vari­
eties and strains of southern bromegrass 
Simple correlations 
Seed 
yield 
(A) 
Panicle 
rating 
(B) 
Fertility 
index 
(C) 
Panicle rating (B) 0.51 
Fertility index (c) 0.11 -0.69** 
Seed weight (D) 0.18 0.15 0.001 
Partial-correlations8' 
Seed 
Yield 
Panicle 
rating 
Fertility 
index 
Panicle rating 0.81** 
Fertility index 0.74* -0.87** 
Seed weight -0.09 0.20 0.17 
Multiple correlation 
R 0.82** 
R2A.BCD 0,67 
^Independent of other components 
*F value exceeds the level 
*-::-F value exceeds the ~L% level 
This showed that approximately 67'S of the variability in seed 
yield was accounted for by its association with panicle pro­
duction, fertility index and seed weight. 
The interrelationships among the seed yield components 
themselves showed that panicle rating and fertility index had 
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a highly significant negative simple correlation of -0.69. 
The simple correlation of seed weight and panicle rating was 
0.15, while seed weight and fertility index were essentially 
uncorrelated. These values changed somewhat when partial-
correlations were computed. The relationship between panicle 
rating and fertility index was changed to -0.87, which was 
still highly significant. The partial-correlations between 
seed weight and panicle rating and seed weight and fertility 
index were raised to 0.20 and 0.17, respectively• The par­
tial-correlation of 0.17 between seed weight and fertility 
index showed these two components to be somewhat more asso­
ciated than had been indicated by the simple correlation value 
of 0.001. 
Evaluation of the partial-correlation coefficients in 
the population of southern type bromegrass showed that the 
two important components of seed yield were panicle rating 
and fertility index. The seed weight component had little 
influence on seed yield and its effect was in a negative 
direction. 
The relationships among mean seed yields, panicle rat­
ings, fertility indexes and seed weights within the northern 
climatype group are shown in Table 18. In the northern group, 
the simple correlations between seed yield and panicle rating 
and seed yield and fertility index were positive and quite 
strong, being 0.66 and 0.49, respectively. The simple cor-
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Table 18. Correlation coefficients for all interrelation­
ships among mean seed yields, panicle ratings, 
fertility indexes and seed weights of eight 
varieties and strains of northern type bromegrass 
Simple correlations 
Seed 
yield 
(A) 
Panicle 
rating 
(B) 
Fertility 
index 
(c) 
Panicle rating (B) 0.66 
Fertility index (C) 0.49 0.12 
Seed weight (D) —0 « 44 -0.53 -0.56 
Parti al-correlation sa 
Seed 
yield 
Panicle 
ratine 
Fertility 
index 
Panicle rating 0.71 
Fertility index 0.60 -0.5? 
Seed weight 0.28 -0 .58 -0.62 
Multiple correlation 
R 0.80 
R A.BCD 0,65 
independent of other components 
relation between seed yield and seed weight was negative 
(-0.44). In all instances, these relationships were not 
significant. The degrees of freedom for testing for signifi­
cance within this group were only four. The partial-correla­
tions between each component and seed yield were all posi­
tive. The partial-correlation between seed yield and 
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fertility index was 0.60 and between seed yield and panicle 
rating was 0.71. The partial-correlation of 0.28 between 
seed yield and seed weight in this climatype group showed 
that seed weight contributed positively toward seed yield. 
This magnitude of seed weight in northern bromegrass in con­
tributing to seed yield is interesting since the partial-
correlation was slightly negative in the southern group, 
while in the combined groups its value was 0.52. 
The relationships among the components of seed yield 
themselves were similar to those for the combined northern 
and southern groups. The partial-correlations were all nega­
tive and ranged from -0.57 to -0.62. The multiple correla­
tion value in this group was 0.80. Thus, in the northern 
climatype group, 65;° of the variability in seed yield was 
associated with panicle production, fertility index and seed 
weight. 
Forage Yield Test 
Forage yields 
In the Forage Yield Test green weight yields of 12 of 
the same entries were harvested each year for three years to 
compare yield potentials under two levels of nitrogen. 
Analyses of the data were made for each year and for the 
three years combined. Mean green weight yields in pounds 
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per plot for 1955, 1956 and 19 5? are reported in Table 19. 
Table 20 presents a summary of analyses of variance of the 
yield for these years. In a manner similar to that for the 
Seed Yield Test, data have been grouped according to clima­
type. In analyses of variance the degrees of freedom for 
varieties were partitioned to study possible differences in 
productive capacity between the northern and southern groups. 
In all years of the test, there were significant differ­
ences among the entries in forage production. The two high­
est producing entries for the three-year period were the 
southern entries, 561 and 521. In the Winnipeg area on the 
basis of this test, southern bromegrass is more than equal 
to northern in forage yield capacity. In 1956, the average 
yield of the southern group was significantly higher {±% 
level) than that of the northern but differences in the 
other two years were not significant. For the three years 
combined, the southern group outyielded the northern, the 
difference being significant at the 5% point. 
In all years, fertilizer was effective in increasing 
forage yield. In 1957, response of the southern group to fer­
tilizer was significantly higher than the response of the nor­
thern group. This was observed when the nature of the highly 
significant fertilizers x varieties (F x V) interaction for 
1957 was studied. In 1957, the average yield of unfertilized 
Table 19. Mean green weight yields in pounds per plot for several varieties and 
strains of northern and southern bromegrass at two levels of nitrogen 
for 1955, 1956 and 1957 in solid-seeded plots 
Forage yields (green weight - lbs./plot) 
1955 1956 1957 5 years combined 
Entry N0 Mean N0 N]_ Mean N0 N]_ Mean N0 Mean 
Northern 
Commercial 10.4 10.8 10.6 6.4 10.0 8.2 3.2 10.7 6.9 6.8 10.5 8.6 
53-7 12.4 12.2 12.3 6.7 10.3 8.5 3. 7 9.8 6.7 7.6 10.8 9.2 
BR3 11.9 11.8 11.9 6.2 10.6 8.4 3.0 9.3 6.2 7.0 10.6 8.8 
175-44 10.7 10.9 10.8 6.4 10.0 8.2 2-6 10.4 6. 5 6.6 10.4 8.5 
Group mean 11.3 11.4 11.4 6.4 10.2 8.3 3.1 10.0 6.6 7.0 10.6 8.8 
Southern 
475 11.9 12.1 12.0 7.8 11.7 9.8 2.8 11.7 7.3 7.6 11.8 9.7 
561 13.7 13.9 13.8 7.8 12.0 9.9 2.7 10.6 6.7 8.0 19.2 10.1 
510 11.2 12.3 11.7 7.1 11.6 9.3 2.4 10.2 6.3 6.9 11.3 9.1 
Fi scher 11.2 11.8 11.5 7.0 11.0 9.0 3.0 10.7 6.8 7.0 11.2 9.1 
Lancaster 11.4 11.6 11.5 7.0 10.4 8.7 2.5 10.8 6.6 7.0 10.9 8.9 
521 12.7 13.7 13.2 8.8 11.6 10.2 3.3 10.8 7.1 8.3 12.0 10.1 
Lyon 11.5 11.9 11.7 7.7 11.0 9.4 2.9 10.7 6.8 7.3 11.2 9.3 
Southland 11.4 11.8 11.6 7.4 11.0 9.2 3.0 9.9 6 . 5 7.3 10.9 9 .1 
Group mean 11.9 12.4 12.1 7.6 11.3 9.4 2.8 10.7 6.7 7.4 11.4 9.4 
Grand mean 11.7 12.0 11.9 7.2 10.9 9.1 2.9 10.5 6.7 7.3 11.1 9.2 
L.S.D. (5#) 1.1 0.8 0.6 0.6 
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Table 20. Analyses of variance of green weight yields in 
solid-seeded, plots 
Mean squares 
Source of 
variation D.F. 1955 1956 1957 
3 years 
combined 
Replicates 5 14. 75 2.85 2.95 11.20 
Varieties 11 9.65** 5.59** 1.20* 10.27** 
N vs Sa 1 18.20 40.12** 0.95 44.64* 
Within 10 8.80** 2.39** 1.22* 6.84** 
Error (a) 55 1.77 0.90 0.54 1.82 
Fertilizers 1 4.48* 506.25** 2040.78** 1623.62** 
F x V 11 0.12 0.70 1.79** 1.13 
Error (b) 60 1.04 0.36 0.41 0.85 
Years 2 963.42** 
Y x V 22 3.08** 
Y x F 2 463.95** 
Y x V x F 22 0.89 
Error (c) 240 0.74 
aNorthern versus southern 
*F value exceeds the point 
**F value exceeds the 1% point 
plots of southern brome was below that of unfertilized plots 
of northern, but the difference between the fertilized plots 
of each type was in favor of southern bromegrass. Southern 
type bromegrass appears to be a heavier feeder on nitrogen 
and possibly more efficient in nitrogen utilization. There 
were no significant differences between the climatype groups 
in response to nitrogen fertilizer in 1955 and 1956. This 
possibly would be related to the original high level of fer-
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tility in the test area. 
The significant (l% level) years x varieties (Y x V) 
interaction indicated that all varieties did not perform in 
a similar way each year. For example, entry 561 excelled in 
forage production the first year but was only average in per­
formance the last year of the test. Similar variations . 
occurred with other entries. The highly significant years 
x fertilizers ( Y x F) interaction was an indication of the 
response obtained from fertilizer in the various years. In 
1955, the response to fertilizer on a per plot basis aver­
aged 0.3 pounds while, in 1957, the response averaged 7.6 
pounds. The coefficients of variation in this test were 
low, being 9, 7, 10 and 9% for 1955, 1956, 1957 and the three 
years combined, respectively. 
Relationships 
The relationships of green weight forage yield to seed 
yield and seed yield components in the Seed Yield Test were 
studied by simple correlations which are shown in Table 21. 
The highest corrélation was between green weight forage 
yield and panicle rating (0.51). All correlations with seed 
yield, fertility index and seed weight were negative and low. 
With 10 degrees of freedom for testing, no correlation was 
significant. Apparently, improvement in forage yield could 
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Table 21. Correlations of mean performance in the Forage 
Yield Test with previous evaluations for seed 
yield and seed yield components in the Seed 
Yield Test 
Correli at ion "r" 
Seed Panicle Fertility Seed 
Character yield rating index weight 
Forage yield i o
 
o
 
00
 
0.51 -0.12 -0.28 
be achieved by an improvement in panicle production but this 
might not be desirable from a forage quality standpoint. 
Space-planted Test 
The third phase of study in the present investigation 
was with 12 varieties and strains of southern and northern 
type bromegrass to assess space-planted performances with and 
without nitrogen application. The special interest in this 
phase was to determine the genotypic variability among entries 
for seed yield components and seed yield itself. Such infor­
mation would be of use in estimating the possible merits of 
the various entries as germplasm sources for improved seed 
production. Since original selections in bromegrass breed­
ing are among individual plants, the relationship between 
performance in space-plantings with that of the same material 
in solid plantings also was of importance. 
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Mean comparisons 
Mean fertility indexes, panicle ratings and seed yields 
on a per plant basis in 1955 for entries in the Space-planted 
Test are reported in Table 22. The summary of the analyses 
of variance is reported in Table 23. All analyses were made 
using subplot means; therefore, the data are on a per plant 
basis. 
The differences in average seed yield per plant among 
entries were significant at the 1% level. Entries 561 and 
510, southern types, were exceptionally productive in the 
Space-planted Test in 1955. The corresponding performances 
of these two entries in the Seed Yield Test in the same year 
were similarly exceptional, so space-planted performance was 
indicative of solid-seeded performance in the same year. The 
fact that these two entries did not maintain this superior 
performance over the three-year period in the Seed Yield 
Test could possibly be related to their nitrogen require­
ments . 
There was no significant difference between group means 
in the Space-planted Test in 1955 and fertilizer had no effect 
in increasing seed yield. The mean seed yields in this test 
were compared with those of the same entries in the Seed Yield 
Test in 1955 and a correlation of 0.66 (exceeds 5% level) was 
obtained. It was interesting to note that seed yield com-
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Table 22. Mean fertility indexes, panicle ratings and. seed 
yields on a per plant basis for several varieties 
and strains of northern and southern bromegrass 
in 1955 in Space-planted Test 
Entry 
Fertility 
indexes 
(decimals) 
Panicle 
ratings 
(number) 
Seed yields 
(grams) 
Ko Ni Mean No Nl Me an No Mi Mean 
Northern 
Commercial .527 .501 .514 204 242 223 56.0 52.0 54 .0 
53-7 .521 .527 .524 159 196 178 44.1 43.8 43 .9 
BRo .534 .516 .525 248 242 245 55/2 65.0 60 .1 
175-44 .544 .498 .521 188 187 187 47.3 40.8 44 .0 
Group mean .521 208 50.6 50.4 50 .5 
Southern 
475 .442 .415 .429 249 269 259 56. 5 51.2 53 .8 
561 .529 .502 . 515 275 284 280 72.5 63.5 68 .0 
510 .467 .458 .462 282 293 288 66.6 72.4 69 .5 
Fischer .392 .420 .406 181 206 194 37.2 50.6 43 .8 
Lancaster .408 .425 .417 231 224 228 43.7 50.2 47 .0 
521 .527 . 508 . 517 211 231 221 60.0 56.1 58 .0 
Lyon .423 .396 .409 212 216 214 43.5 43.4 43 .4 
Southland .447 .426 .436 185 196 191 36.2 43.8 40 .0 
Group mean .449 234 52.0 53.9 53 .0 
Grand mean .480 .466 .473 219 232 225 51.5 52.7 52 .1 
L.S.D. (5^) .050 53 11 .4 
Clonal entries 
01. 175-44* .529 .518 .524 189 179 184 43.6 37.8 40 .7 
01. 567° .595 .601 .598 203 272 237 69.5 78.3 73 .9 
^Northern type 
kSouthern type 
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Table 23. Analyses of variance of fertility indexes, panicle 
ratings and seed yields in Space-planted Test 
Mean squares 
Source of Fertility Panicle Seed 
variation D .F. index rating . yield 
Replicates 5 .0050 7649 2079.64 
Varieties 11 .0306** 15752** ' 1210.08** 
N vs Sa 1 .1549* 21460 191.75 
Within 10 .0182** 15182** 1311.91** 
Error (a) 55 .0043 2118 193.94 
Fertilizers 1 .0070 6629 50.53 
F x V 11 .0013 678 156.68 
Error (b) 60 .0025 2465 110.69 
^Northern versus southern 
*F value exceeds the 5% point 
**F value exceeds the 1% point 
parisons.between northern and southern types grown in solid 
stands and as spaced plants showed slight reverse trends. In 
solid plantings, the northern group mean was 341 pounds per 
acre, while the southern was 282 pounds per acre. In spaced 
plantings the reverse was shown, northern types having an 
average per plant mean yield of 50.5 grams while the southern 
strains averaged 52.1 grams. One possible explanation would 
be that under space-planted conditions with more available 
nitrogen per plant, the southern strains were able to utilize 
the fertility more efficiently. The same relationship is 
indicated to some extent by an examination of subplot group 
means in the Space-planted Test. The application of nitrogen 
to space-planted northern type bromegrass reduced the mean 
seed yield on a per plant basis from 50.6 to 50.4 grams. In 
corresponding subplots of the southern type, the group mean 
yield when unfertilized were 52.0 grams per plant, while the 
fertilized subplots averaged 53.9 grams per plant. 
There were also highly significant differences among 
entries for panicle production in 1955. The group mean of 
the southern climatype was 234 while that of the northern was 
208. This difference was not significant. A similar rela­
tionship was observed in the same year in the Seed Yield Test. 
Fertilizer stimulated panicle production somewhat in the 
space-planted plots but the average effect also was not sig­
nificant. The correlation between mean panicle ratings in 
the Seed Yield and Space-planted Tests in the same year was 
0.47. This relationship, while positive, was not significant, 
indicating that space-planted performance for panicle produc­
tion would not be too reliable for predicting solid-planted 
differences among strains. 
Highly significant differences were noted in the mean 
fertility indexes among entries in 1955. The partitioning 
of degrees of freedom for varieties showed that the northern 
and southern groups differed significantly (level) in mean 
fertility, the northern being higher. There were no signifi­
cant differences among entries within the northern group but 
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some entries within the southern group were comparatively low 
in fertility. The highest fertility in the southern group was 
shown by entries 561 and 521, both being about equivalent in 
fertility rating to all northern entries. 
The correlation of 1955 data for fertility indexes in the 
Space-planted and Seed Yield Tests was highly significant, 
being 0.83. In addition, fertilizer had little or no effect 
on fertility index in the Space-planted Test in 19 55, which 
was similar to the findings in the Seed Yield Test in the 
same year. It would appear that fertility index is a rela­
tively stable characteristic, little affected by environment. 
This was indicated by the close correlation of estimates 
obtained under the two methods of planting, the comparative 
stability under two levels of nitrogen fertilization and the 
relatively low coefficients of variation observed each year 
in the Seed Yield Test. This information suggests that 
relatively heavy selection pressure could be applied in 
space-planted material in a selection nursery with a good 
expectation of progress in improvement of this seed yield 
component. 
Simple correlations were calculated to assess relation­
ships between mean seed yield per plant and its components 
in the - Space-planted Test. The correlation between panicle 
rating and seed yield was 0.90 (significant at 1% level). 
This means that seed yield in this test could have been pre-
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dieted very well by assessing average panicle number for each 
entry. The correlation between seed yield and fertility 
index was 0.39, which was not significant. There was little 
relationship between panicle rating and fertility index in 
this test, the simple correlation being 0.04. 
The performances of the clonal entries in the Space-
planted Test also are reported in Table 22. The two clones 
differed quite markedly in performance. Clone 567, a southern 
type, was relatively vigorous but quite variable in perform­
ance. It surpassed Clone 175-44, a northern type, in mean 
seed yield and in the seed yield components as well. Clone 
175-44-, while quite vigorous vegetatively, was low in 
panicle production and seed yield. It was interesting to 
note how closely the performance of entry 175-44 paralleled 
that of its maternal parent, Clone 175-44. 
Plant-to-plant variability 
The plant material included in this investigation was 
considered potential source material from which to make 
selections for improvement of seed yield through improvement 
in seed yield components. Measurement of plant-to-plant 
variability can give an estimate of selection potential by . 
indicating whether or not sufficient variability exists to 
permit selection for improvement. Low variability would 
suggest little variation within the source material for the 
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character being assessed and, thus, relatively little pos­
sibility of making worthwhile selections for improvement. 
The possibility of the plant-to-plant variability being due 
in part or largely to environmental influences always exists. 
However, some measure of the effect of the environment can 
be made by study of the variability among plants of clonal 
entries in the same test. Members of a clone would have the 
same genetic constitution and the variability from member to 
member should be environmental in nature. The mean plant-to-
plant variabilties expressed as variances, within 12 open-
pollination progenies and two clones representing both 
northern snd southern climatypes, were computed and are re­
ported in Table 24. Analyses of variance of the variances 
also were computed for seed yield, panicle rating and 
fertility index and are given in Table 25. 
Seed yield is a complex function of contributing com­
ponents and it is to be expected that plant-to-plant variabil­
ity would exist within a population of plants which differed 
with respect to genetic constitution. Furthermore, the 
effects of environment on each plant could be similar or quite 
different. The variances for seed yield among plants were 
observed to be quite large with the variability on a per 
plant basis being slightly higher in the southern group than 
in the northern, but not significantly so. The effect of 
fertilizer application was to increase significantly (5$ 
Table 24. Mean variances on a per plant basis for seed yield, panicle rating and 
fertility index in Space-planted Test in 1955 
Variances (per plant basis) 
Seed yield Panicle rating Fertility index 
Entry N0 Nl Me an No Ni Mean No Nl Mean 
Northern 
Commercial 873 783 828 8888 8113 8501 0 .0137 0 .0187 0 .0162 
53-7 425 531 478 6767 9440 8104 0 .0124 0 .0122 0, .0123 
BR3 904 1448 1176 14295 11654 12974 0 .0134 0 .0210 0 .0172 
175-44 519 525 522 4352 6478 5415 0 .0083 0 .0131 0, .0107 
Clone 175-44 67 87 77 3042 3261 3151 0 ,0034 0 .0050 0 .0042 
Group mean 616 7629 0 .0121 
Southern 
475 992 912 952 7499 9873 8686 0 .0257 0 .0427 0 .0342 
561 878 658 768 7028 6794 6911 0 .0159 0 .0233 0 .0196 
510 891 1668 1280 8037 11972 10004 0 .0208 0 .0217 0 .0213 
Fischer 635 932 783 12051 11058 11554 0 .0288 0 .0312 0 .0300 
Lancaster 938 796 867 10681 7341 9011 0 .0310 0 .0223 0 .0267 
521 1098 690 894 8604 10541 9572 0 .0156 0 .0131 0 .0144 
Lyon 472 682 577 7941 11764 9852 0 .0331 0 .0395 0 .0363 
Southland 431 870 650 9099 7883 8491 0 .0237 0 .0247 0 .0242 
Clone 567 664 1171 918 7019 17376 12198 0 .0102 0 .0099 0 .0100 
Group mean 854 9587 0 .0241 
Grand mean 699 840 769 8236 9539 8887 0.0183 0 .0213 0 .0198 
L.S.D. (5^) 515 4640 0 .0098 
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Table 25. Analyses of variance of plant-to-plant variability 
for seed yield,,panicle rating and fertility index 
in space-planted test 
Mean squares 
Source of 
variation D.F. Seed yield Panicle rating 
Fertility 
index 
Replicates 5 1,453,356** 189,674,444** 0 .000,199 
Varieties 13 1,095,296** 80,552,687** 0 .010,089** 
•N vs Sa 1 2,188,479 147,820,054 0.005,503 
Within 12 1,004,197** 74,947,073* 0.000,721*' 
Error (a) 65 397,896 32,292,586 0 .000,145 
Fertilizers 1 838,388* 71,331,434 0 .000,392 
F x V 13 338,164 35,982,895* 0 .000,105 
Error (b) 70 202,279 19,025,674 0 .000,132 
^Northern versus southern 
*F value exceeds the 5% point 
**F value exceeds the 1% point 
level) the plant-to-plant variance. Northern Clone 175-44 
exhibited little variability in seed yield from plant to 
plant. This clone, while vegetatively vigorous, was not 
high in seed production. Its open-pollination progeny, 175-44 
and entry 55-7 responded in a similar way, having relatively 
low plant-to-plant variance as well as a low record in seed 
production. Entry BR3, from Iowa, in the northern group 
exhibited the highest plant-to-plant vsriability in this 
group. Clone 567, a southern type, exhibited an unexpected 
range in variation of seed yield, a variation which cannot be 
explained adequately. Although the material was acquired in 
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two separate shipments from Ames, no plants were put into the 
field plots until an adequate number had been propagated in 
the greenhouse pots. The only conclusion that could be 
reached was that the material was not adapted to a northern 
location and was markedly affected by environmental differ­
ences. The other southern entries were fairly comparable to 
each other in estimations of plant-to-plant variability in 
seed yield except for entry 510 which exceeded all other 
southern entries in this respect. 
Tne effect of environment on clonal material was shown 
by the variability in panicle production as well. Clone 
567 continued to show marked plant-to-plant variability in 
this component of seed yield. In particular, its variance 
was markedly affected by the application of fertilizer. The 
data, in general, indicate that panicle production as a com­
ponent of seed yield is decidedly affected by environment. 
The plant-to-plant variability for panicle rating in the 
northern group was highest among the plants of entry BR3 from 
Iowa, again suggestive of an adaptability reaction with the 
environment• Entry 175-44 showed the lowest variability of 
the northern entries, approaching that of its maternal parent, 
Clone 175-44. The variability within the southern entries 
exhibited a range, with entry 561 having plants consistently 
high in panicle production and entry 510 being more variable. 
Fertilizer application did not.significantly affect variabil­
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ity in general but it did affect certain entries somewhat 
differently. Plants of Clone 567 varied markedly in their 
response to fertilizer while entry 561 showed little effect. 
Fertility index would appear to be the component of 
seed yield which is least influenced by environment. Both 
clones, northern and southern, showed less plant-to-plant 
variability than the seedling progenies. Fertilizer appli­
cation increased the variability to some extent for a number 
of entries. The fact that larger variabilities were observed 
within the southern type entries, contrasted to that within 
the northerns, would again suggest differences in adaptabil­
ity to the Winnipeg location. 
Considering all estimations of variances, there would 
appear to be sufficient variation from plant to plant within 
wouthern entries to permit selections to be made with a good 
expectation for improvement in components of seed yield in 
this climatype. 
Estimates of genotypic variation 
Yield characters are determined by the genotype of a 
plant and by the environment in which it is grown. The sub­
division of phenotypic variation into environmental and 
genetic components is one of the main problems facing the 
plant breeder seeking to improve yield. An attempt was made 
in the study of the plant-to-plant variability in the Space-
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planted Test to estimate how much of the observable variation 
was environmental and how much was genotypic in nature. The 
entries in this test included clones of northern and southern 
origin, as well as seedling entries. Each plant of a clone 
of each type would be of the same genetic constitution and, 
theoretically, the variation observed from clone to clone 
should be environmental in nature. The variation observed in 
open-pollination seedlings would be both genotypic and envi­
ronmental variation. An estimate of the genotypic variation 
was obtained by subtracting the variation due to environment, 
as represented by the clonal variation, from the variation 
shown by the open-pollination seedling progenies. The ratio 
of the difference in variation to the original variation 
shown by the open-pollination progeny was calculated in per­
cent and estimates the amount of genotypic variation. Such 
an estimation» as Burton (2) has stated, includes variation 
due to additive gene action, dominance deviations and epi-
stasis, as well as genotype x environment interaction. The 
plant breeder is interested in genetic variation which is 
additive but cannot derive this information exclusively. 
The variation on a per plant basis was computed for 
each of the characters studied in the Space-planted Test in 
1955 and the percent genotypic variation computed as shown 
in Table 26. Seed yield showed an estimated genotypic vari­
ation of 39% in this test. This meant that about 61/= of the 
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Table 26. Estimates of genotypic variation for seed yield, 
panicle rating and fertility index among space-
planted northern and southern climatype brome-
grass plants in 1955 
I tem 
Variances (per plant basis) 
Seed 
yield 
Panicle 
rating 
Fertility 
index 
Seedling entries 815 9090 0.022 
Clones 497 7674 0.007 
Difference 318 1416 0.015 
G-enotypic variation {%) 39 16 68 
observable variation was environmental in nature. Seed yield 
is a product of many components, only a few of which were 
studied in this investigation. The variability in seed yield, 
therefore, would be an expression of the variability in the 
different components as well as in the environment. The plant 
breeder is chiefly interested in the fact that some improve­
ment in seed yield can be achieved by control of genetic fac­
tors. It still remains, however, for the breeder to determine 
which components hav.e a type of genetic variability with 
which he can work. 
Panicle rating, one of the components of seed yield, 
showed an estimated genotypic variation of only 18/°. This 
was not a high proportion of the total variation and showed 
that environmental effects are quite important in the ex-
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pression of this character in space-planted material. Im­
provement in panicle production by combining suitable genetic 
factors probably would lead to improvement in seed yield but 
caution would have to be exercised to establish whether the 
observable improvement was truly genetic in nature, the ex­
pression of this character being strongly influenced by 
environment. 
Fertility index, a second component of seed yield, showed 
a relatively high proportion of genotypic variation ( 68%). 
This character would appear to be much less subject to envi­
ronmental variation than was observed for panicle rating. 
Genetic progress should be possible by selection among the 
plants in this test to improve fertility index and subse­
quently seed yield. 
These estimates of genotypic variation for this material 
are inclusive of the non-additive effects stated previously. 
The progeny-parent relations which would arise from a selec­
tion program within this material cannot be estimated from 
the evaluations of genotypic variation. These estimates of 
genotypic variation simply indicate the relative possibilities 
for success in a breeding program to improve seed yield by 
combining suitable genetic factors leading to improvement in 
the components of seed yield. 
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DISCUSSION 
The overall objective of this investigation was to eval­
uate the particular merits of representatives of northern and 
southern climatype bromegrass for seed yield and its compo­
nents and to determine whether breeding stock of the two types 
developed at other locations would be suitable source material 
for initiating a breeding program at Winnipeg. Winnipeg has 
climatic conditions mid-way between the drier prairie areas to 
the west, where northern type brome is grown, and the more 
moderate conditions to the south and east, where southern type 
brome is favored• The expectation would be that bromegrass 
material developed in Manitoba would be adaptable to the other 
locations as well. Although particular source stocks of 
bromegrass might perform adequately for seed production, it 
was considered desirable to determine the primary contribut­
ing components to seed yield and, in particular, to establish 
whether there were differences in the importance of these 
components in the two types of brome. It was of interest, as 
well, to estimate the heritabilities of these components of 
seed yield in order to give proper direction to the conduct 
of. the breeding program. Performances under two methods of 
planting were studied to permit examination of the degree of 
relationships for characteristics between solid and space-
planted conditions for both northern and southern types. 
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Likewise performances under different levels of fertility 
were investigated to determine whether the fertility require­
ments of the two types of brome were the same• 
The results of the investigation suggest that suitable 
sources of potentially superior selections exist within the 
southern climatype bromes. The mean seed yield comparisons 
of entries among the two types indicate that, as a group, 
southern type brome is not the equal of northern type under 
the conditions of the tests in this investigation. This find­
ing agreed essentially with that previously reported by 
Knowles and White (22) from comparisons conducted with stand­
ard varieties. The present investigation did reveal, however, 
that selections equal In seed yield potential to the northern 
type do exist within the southern material. Three of the 
southern entries, which were as productive as northern Com­
mercial, were products of a breeding nursery at Ames, Iowa, 
and had resulted from a breeding program designed to raise 
the level of seed production in the southern type. The fact 
that they reacted favorably at Winnipeg, as well, is evidence 
that plant material can be produced in one region with an 
expectation of sustained performance under somewhat different 
environmental conditions. There also was evidence in this 
investigation that the southern type entries did not receive 
the environmental conditions of adequate soil fertility neces­
sary to express their full potential seed yielding capabil­
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ities. 
The capacity for forage yield of the southern types 
grown at Winnipeg was demonstrated but the information differs 
somewhat from the conclusion reached by Knowles and White (22) 
that, for forage yield in western Canada, there was no con­
sistent advantage for either the northern or southern type. 
The forage yield data obtained herein showed that southern 
bromes were slightly superior as a group in forage yield, the 
difference between groups being significant at the 1% level 
in one of the three years and at the 5% level for the three 
years combined. This information is of value from the con­
sideration that, if southern type bromes are to be used in a 
breeding program at Winnipeg to develop a strain which will 
meet the requirements of the export seed trade, the same type 
should be desirable for use within the area for forage pur­
poses. The data show that this objective appears attainable; 
the environment is adequate for good forage production of 
southern type brome. This consideration is only one part of 
the problem, however, the complete problem being the produc­
tion of a suitable southern type strain of brome which will 
possess good seed yield characteristics together with the 
necessary level of forage production. Within the southern 
entries tested, strain 475 was noted to have a mean three-
year forage yield equal to all northern entries and to possess 
a seed yield potential equal to that of the northern Commer-
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cial standard check. 
The study of components of seed yield showed that their 
relationships to seed yield in the northern type brome dif­
fered somewhat from those in the southern type. Southern type 
entries, as a rule, excelled in panicle production but were 
inferior to northerns, on the average, in fertility rating and 
seed weight. Southern strain 527 was the highest yielding seed 
producer in the southern group over the three-year period of 
test. Its advantage appeared to arise from a desirable com­
bination of seed yield components including good panicle 
production and a good (relative to other southern entries) 
fertility rating. Its seed weight was not exceptional but 
was above the average for the southern type. As a contrast 
to this performance, the highest seed producing entry was 
strain 194-12, a northern, which appeared to derive its 
superiority from a combination of above average panicle pro­
duction (relative to other northern entries) and very high 
fertility rating. The seed weight of this entry was below 
the average for the northern types. The contrasts between 
the importance of the seed yield components of each type 
were that the seed yield of southern entries was associated 
to a great degree with good panicle production coupled with 
a moderate fertility rating, while that of northern entries 
was associated with higher fertility rating, better seed 
weight and a lower level of panicle production. 
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In both populations, northern and southern, about 65,% of 
the variability in observed seed yields was associated with 
the components: panicle production, fertility index and seed 
weight. This evidence, together with the partial-correlations 
calculated for seed yield with each of the components sepa­
rately shows that panicle production and fertility were im­
portant components of seed yield. This information corrobo­
rates opinions reached by Metcalfe (26) that panicle produc­
tion was an important component of seed yield, by Raeber and 
Kalton (34) that fertility rating was closely related to po­
tential seed yield and by Lowe and Murphy (24) that the two 
major factors in total seed production were the percent fer­
tile florets and the number of seed culms per plant. The two 
climatype groups differed, though, in the magnitude of impor­
tance of seed weight as a component of seed yield. Within the 
southern type, there was essentially no partial-correlation 
between seed yield and seed weight while, within the northern 
group, seed yield and seed weight were positively correlated. 
Collation of these data suggest that for both northern and 
southern type bromes any improvement which can be effected to 
increase panicle production and/or fertility possibly would 
lead to improvement in seed yield. It would also suggest 
that seed weight improvement could lead to the same result. 
In particular, the southern type bromegrass merits some 
breeding work to improve this characteristic. 
85 
The performances of the two types of brome in the Space-
planted Test did not agree entirely with those of the same 
entries when solid-seeded. The simple correlation of mean 
seed yields in the two types of plantings was positive and 
significant, but the relative behavior of the northern and 
southern groups was slightly different. In solid seeding, 
the mean seed yield of the northern group was higher than 
that of the southern group, though the difference was not 
significant, while in space-plantings the mean seed yield of 
the southern group was higher. This variability in response 
to planting method must be recognized in a breeding program 
where plant selections would be made under space-planted con­
ditions. Some type of solid-planted, replicated progeny test 
would be required to assess more adequately differences in 
seed yielding abilities. 
A study of the results obtained in the various tests 
under two levels of nitrogen was quite interesting and in­
formative. Fortmann (8) had indicated that southern type 
brome in forage tests was a heavier feeder upon nitrogen than 
the northern type and, furthermore, utilized nitrogen more 
efficiently. The efficiency of nitrogen utilization in this 
instance was directly related to forage yield performance. 
In the present study of seed yield potential, there was evi­
dence of this differential utilization of nitrogen. In the 
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solid-seeded Seed Yield Test, application of nitrogen raised 
the level of yield of the southern group higher than the 
corresponding effect in the northern group. In the Forage 
Yield Test, when soil fertility became more limiting in the 
third year, the same effect of nitrogen application was noted 
for forage yield. The differential response was highly sig­
nificant in this year. Application of nitrogen in the Space-
planted Test slightly lowered the mean seed yield of the nor­
thern group, but in the southern group there was a slight 
increase in the group mean yield. It is a reasonable infer­
ence from these data that, for seed production, southern type 
brome requires higher fertility conditions than northern with 
respect to nitrogen availability. "When such conditions exist, 
southern bromegrass utilizes the fertility advantageously "hy 
higher seed yield increases. There is reason to believe that 
these tests did not provide the necessary levels of soil 
fertility for southern type brome, particularly in the last 
year of the tests when soil fertility probably was more lim­
ited. Under adeqaute levels of soil fertility in each year 
of testing, the previous conclusion that southern type brome 
is not the equal of northern type in seed yield potential, 
might prove incorrect. 
The information arising from this investigation has some 
direct applications to a breeding program. Seed yield in this 
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investigation was shown to be closely related to panicle 
production, fertility index and, to a lesser degree, seed 
weight. The plant breeder is interested in the relation­
ships among these components of seed yield to ascertain: 
(a) How selection for improvement in one component will 
affect other components. 
(b) Whether phenotypic selection will lead directly to 
the improvement in a specific component. 
(c) How heritable are the characteristics themselves. 
(d) What are good sources of germplasm to effect the 
improvement desired. 
Some information was obtained in this investigation to sug­
gest possible procedures to guide a breeding program. 
The interrelationships among the components themselves 
suggest that the necessary improvements might not be easily 
attained. In the combined population associations between 
panicle rating and fertility index and between panicle rating 
and seed weight were negative and significant. Apparently, 
improvement in panicle production could lead to a reduction 
in fertility index and, similarly, to a reduction in seed 
weight. Fertility index and seed weight were also negatively 
associated, but this relationship was not significant. Within 
the northern group, the interrelationships were similar but 
within the southern group there were essentially no inter­
relationships between panicle rating and seed weight and 
88 
fertility index and seed weight, while the relationship be­
tween panicle rating and fertility index was strongly nega­
tive • 
Considering the limitations of available nutrients to a 
plant, it seems logical that a plant cannot have too high an 
increase in seed culms without adversely affecting seed yield. 
The relationship would appear more logically to be curvilinear 
so that beyond a certain level of panicle production adverse 
effects on other seed yield components would become evident. 
The two populations, northern and southern, provided evidence 
for this reasoning. The northern types attained high seed 
yield through a combination of moderate panicle production 
combined with high fertility index and good seed weight. 
Specific entries in the southern group attained the same 
level of seed production through a combination of higher pan­
icle production with lower levels of fertility index and seed 
weight. A general observation of the two groups would note 
that in the southern group, panicle production was the key­
note to seed yield while, in the northern group, panicle 
production was important but fertility rating was in better 
balance with panicle rating. It would seem that a satisfac­
tory level of seed production or even an improvement in seed 
production should be attainable within the southern types by 
a selection program designed to bring about a more satisfac-
89 
tory balance of components. An actual reduction in panicle 
production accompanied by improvement in other components of 
seed yield could be desirable without being adverse to seed 
yield itself. The forage produced would contain less flower­
ing culms which are less nutritious than leafy vegetation. Any 
increase in seed weight would improve the material from the 
viewpoints of cleaning of seed, depth of seeding possible and 
actual sowing of seed through a conventional farm drill. Such 
a selection program should also aim at an increase in leafl-
ness in the material in order to maintain forage yield and 
quality. The data from this investigation showed no rela­
tionships, essentially, between forage yield and seed yield, 
fertility index or seed weight, although panicle production 
was positively, but not significantly, associated with forage 
yield. These suggestions appear valid for growing conditions 
in which the level of available nutrients is adequate but not 
supplemented. Under conditions of regular fertilizer appli­
cations, the approach to Improvement of seed yield within 
the southern type would be different. With fertilizer use, 
it would seem possible to maintain or improve panicle pro­
duction and concomitantly effect improvements in fertility 
index and seed weight. 
The estimates of genotypic variation within the popula­
tion for seed yield and its components, panicle rating and 
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fertility index, are indications to the plant breeder as to 
his expectations of making genetic progress in the breeding 
program for improvement in specific characteristics. They 
also indicate those characteristics in which advance may be 
possible through phenotypic plant or clonal selection and 
those in which more adequate progeny testing will have to 
accompany phenotypic selection. The estimates found in this 
investigation show that seed yield itself is a moderately-
heritable character and that genetic improvement should be 
possible to bring about an increase in yield. Because yield 
is conditioned by contributing components, however, the 
progress will have to be made through the components them­
selves. Panicle rating in this investigation was shown to 
be rather low in herltability. The influence of environment 
was quite strong on the phenotypic response of the plant for 
this trait. This means that in a space-planted selection 
nursery phenotypic identification of superior germplasm for 
high panicle production would be difficult or impossible• 
Replicated clonal progeny of desirable plants might furnish 
additional information as to the likelihood of making progress 
by phenotypic selection. This would materially reduce the 
number of selections to be advanced Into replicated progeny 
tests. On the other hand, in this material, fertility index 
was shown to be a highly heritable characteristic and the 
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plant breeder should "be fairly successful in identifying 
superior germplasm for this characteristic by making pheno­
typic selections within the space-planted source nursery. 
The selection of desirable germplasm within a nursery 
of space-planted source material is dependent upon the exis­
tence within the source material of sufficient variability to 
permit a selection program to operate. Within the southern 
type material, the mean variances on a per plant basis were 
of sufficient magnitude to indicate the presence of a con­
siderable range of variability for seed yield, panicle pro­
duction and fertility rating. As an example, a selection . 
index was applied to the data arising from two of the southern 
entries with the purpose of determining the percentage of 
plants present within each strain which had the following 
characteristics: 
(a) A panicle production rating equal to or better than 
that of the group mean rating per plant for the 
southern group (225 panicles). 
(b) A seed yield equal to or better than that of the 
group mean seed yield for all southern entries 
(53 grams) on a per-plant basis. 
(c) A fertility index equal to or greater than that for 
the northern group mean fertility index (0.658) 
determined for northern material in solid-planting. 
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Using this index, an examination of the spaced plant data for 
Fischer showed that two out of the 120 plants would have been 
selected for further work. A similar program of selection 
within plants of entry 475 disclosed four out of the 120 
plants as being worthy of further investigation and study. 
Of course, the number of selections chosen could vary with 
the pressure of the selection index. For a character such as 
panicle production, which was noted to be affected markedly 
by the environment, the selection pressure might be lowered 
in single plant nurseries. Fertility index was shown to be 
less affected by environment and consequently the pressure 
of the selection index for this characteristic could be kept 
at a high level. 
Some of the results obtained in this study point to more 
fundamental problems as yet unsolved. The information con­
tributed by this investigation shows that the level of fer­
tility index in the two types of brome is different and that 
progress could be made with this component by phenotypic 
selection within spaced-plant material. It does not answer 
the question which arises as to how high a level of fertil­
ity index it would be feasible to attain, nor does it con­
tribute any information as to the fundamental cause of the 
index appro aching a maximum of about 65#. The cause could be 
related to the meiotic instability in this grass which has 
been noted by Nielsen (31) who pointed out that the extent 
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of meiotic irregularity in twin plants of bromegrass studied 
tended to be inversely related to the amount of seed set 
following both self and cross pollination. Perhaps more 
needs to be known about the meiotic behavior of B. inermls 
before maximum progress in attaining a higher level of fer­
tility can be made. 
Achieving maximum seed yield through a proper combina­
tion of components of seed yield would be of interest and 
value. This investigation showed a negative relationship be­
tween the three components of seed yield but did not indicate 
what the best combination of these components might be. This 
problem would be complex because it would involve other fac­
tors such as the level of available nutrients, incidence of 
disease, etc., and climatic factors as well. It would be of 
Interest and value to conduct a breeding program with southern 
brome, in which a high level of soil fertility was constantly 
maintained, to find out the extent of progress that could be 
achieved in raising seed yield by selecting for maximum pan­
icle production together with higher fertility rating. A 
slightly different approach, of equal value, would be to 
conduct a recurrent selection program for improvement in 
fertility index only and in each cycle of the program to 
study changes in seed yield together with observations on 
accompanying changes in panicle number and seed weight. 
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SUMMARY AND CONCLUSIONS 
1. Several northern and southern strains of bromegrass 
were introduced into Manitoba and evaluated for seed yield 
and its components and for forage yield under different man­
agement conditions. Included were 15 seed entries and one 
clonal entry of southern type from Iowa and Nebraska and 
eight seed entries and one clonal entry from Saskatoon- All 
23 seed entries were evaluated in a solid-seeded, split plot 
test for three years using two levels of nitrogen application, 
0 and 66 pounds per acre. Objective was to contrast per­
formance of the two types for seed yield, panicle production, 
fertility index and seed weight. Eight southern and four 
northern entries were compared for forage yield in a second 
test during the same three-year period and with the same fer­
tilizer treatments. These 12 entries also were included in 
a third, space-planted test and evaluated in 1955 only to 
contrast performance of the two types for seed yield and its 
components under nursery conditions and to permit comparisons 
under two methods of planting. The two clonal entries were 
included in this test to enable estimation of heritabilities 
for seed yield and its components. Plant-to-plant variability 
exhibited by entries in the Space-planted Test also was 
studied to determine potentialities as source material for 
breeding for improved seed production. 
2. In the Seed Yield Test differences among entries 
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were highly significant each year. Northern entries averaged 
390 pounds of seed per acre compared with 302 pounds for all 
southern entries on a three-year mean basis. Four southern 
entries were equal in seed yield capacity to the northern 
check, Commercial. Nitrogen fertilization increased seed 
yield of the southern types by 69 pounds per acre, on the 
average, compared with an average increase of only 43 pounds 
for northern types. 
3. Southern entries produced significantly more panicles 
than northern, with differences highly significant in 1956 and 
for the two years of evaluation combined. Nitrogen fertiliza­
tion increased panicle production of both types in 1956 with 
southern entries showing the greater response. 
4. The three-year mean fertility indexes for the nor­
thern and southern groups were 0.658 and 0.599, respectively 
(significantly different at 1% level). Range in mean fer­
tility indexes among northern and among southern entries 
was from 0.627 to 0.710 and from 0.492 to 0.659, respectively. 
Very low coefficients of variation were observed for fertility 
data. 
5. Differences between groups in mean seed weight also 
were highly significant. Mean seed weight per 1000 seeds 
was 3.71 grams for northern and 3.38 grams for southern 
entries on a two-year basis. 
6. Interrelationships among seed yield and its compo­
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nents were studied using correlations. Partial-correlations 
between seed yield and its components: panicle rating, 
fertility index and seed weight for all entries in the Seed 
Yield Test were 0.67, 0.72 and 0.52, respectively. In the 
same order, partial-correlations within the northern group 
only were 0.71, 0.60 and 0.28, while those in the southern 
group only were 0.81, 0.74 and -0.09. Panicle production 
and fertility index were important seed yield components In 
both types but seed weight contributed positively to seed 
yield only in the northern group. Correlations among the 
components of seed yield themselves were all negative. For 
panicle rating and fertility index, the partial-correlation 
was 0.81 (significant at 1% level) for all entries combined. 
Between panicle rating and seed weight and between fertility 
index and seed weight partial-correlations were -0.58 and 
-0.36, respectively, for all entries. Degrees of relation­
ship among components also varied somewhat between groups. 
Implications of these associations in a breeding program 
were discussed. 
7. The mean green forage yield of all southern entries 
was 9.4 pounds per plot compared with 8.8 pounds for all 
northern entries for a three-year period in the For age Yield 
Test. In the last year of harvest, 1957, southern types 
responded significantly more than northern to nitrogen appli­
cation. Correlations of mean forage yield with panicle pro-
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duotion in the Seed Yield Test gave a value of 0.51. All 
other correlations between forage yield and seed yield and 
its components were negative and low. 
8. In the Space-planted Test, southern types outyielded 
northern in mean seed yield which was contrary to results in 
the Seed Yield Test. The correlation for seed yield between 
the two tests was significant (b% level), however, being 0.66. 
The significance of this relationship to selection procedures 
in spaced source nurseries was considered and discussed. 
9. Estimates of genotypic variation for seed yield and 
its components among plants in the Space-planted Test were 
39, 16 and 68$ for seed yield, panicle production and fer­
tility index, respectively. Plant-to-plant variability 
seemed to be sufficiently great to permit selection in desir­
able source material on a logical basis. Fertility index 
appeared to be a relatively stable trait and heavy selection 
pressure in spaced nurseries should be possible. Panicle 
production, on the other hand, was markedly affected by the 
environment and selection for change on this trait probably 
would be more successful in solid-planted progeny tests. 
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